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XoX&O 




ij—jl f j*^ ( jr~'-*--$-A J Lf~ i jL>j>i_Lli -Lis’ (_$Jj ^^x^-a ^SLilSLo j Jj-jsl 4X>-Lb. 

oJl_^ ji lj J—>-! -l»JL1sw .X—jL^ya a)JL* jjl jl LiC»Lj _j - -£Lilz~»l aS x. ■-! > Lg ^-1™>-I ojLji AjJliaa t ^jl— 

•XS^ ( y^jy Ijjj oJIj>- ji Ij —>-l jliij ibC-aLo j b ii 

jl j jX-*ji i jl J-*S- tl .. bs lj-A 41—S^-jl— Sit J—-XLg-a ^y> J—-XLg-a -LIS ^1 ji ti_S—ilSLa ^JL jl ^.^a AiiLb Jj 1 

a—S’ ciLabxo .ij—Jal—i Ij >_£LjLSLa ( _$l—A (J i>-lJ s> jl (_$jL—- ^L* Sfj-^1 j *i—-1 jb jy>-y (jlojjj C-—<*j>>I 


<S oij_i X-gj» jL_^>t_jJb ( _ J —ji o*>ISL- 1 a j £-Slja jl L#-^i ‘JJ 3 cSl-® 41 —jl b—b juS" LSlblx-l jl ^Jjx-aI 

1 —; jliL—l J i - — '1 4 —- 3 ^ Jj 3 J.- -- ... J <?-jj ^jja Li ^^XL^a J ^ 5*3 (_$l-Aol^bjb _>jSI ji tj-ib ^LgJL— ji Ajbiibji^ 

aS” XIoXLjj oUl Aj Ij C.,. .» 3 lj jjl -XleXljiS’ ^j-j 3 jj yiJ-^> J j^j-b lS^ 'j j _ p- jLjj j+s- ^LaJL- aS ^j\<,j>^ 


(_)—r^^ >x -’ J lT^XL—-I OjJ —3 I—; J b—-I eXb b oil— (_$ j jb Xj>- AjL y tj-X -C^-l— «l>w ^lAJ—ib j IaoISL— i ^y -\Js 

.ij-b oilix-l ,^-X^a J^ ^Jj lA^jjb J~a3i jl jl jj'^ 

^Lj XjI—I x*»—jjl 4 _jLS (SI jjx~— if • •V' 4_jL- ‘(*^rX ( __ r bJjj) 45 LaLo ^^jIjjj <Uj r y ^y^jt jj 

4~—•‘j jj—il jl X -o-LSb j jUi>^o ji jbL—I jjl Ai —j Lb ^LajIS j—_«J j ^ jJi aS C—-1 ^jiS"» j I( ^Ijj^ j^rT 11 0 

)) ylyS’ C—>b AX9OJJ--9 4—jl^wl Ja —jj ^LolS aS «—>LS j^jl JjL—a Jj>- .C_J oX—i y 


>LbA 


—I « 4 iL«Lji 


jl XJJI f 


'- jlf 


—’b A—S" oij —1 ^jjl y oXj ^*>^1 .xbL^ ^^U-al 4 _jLS oXbj Jj*- Jjl —0 -uiS aj L 


_b oijjl jl_J ijj-o ,^1 —aJ _^»ji t^LS' ^Ixjl ji aS 4 : 


3 jjjl Aj .XjL*j oil. Al .jl J-i JJL- 0 OJJ«J3 -L) 4 ^ 4 —Lji 


.XloXb A3jl<b JiL—• Ji- ji aS oXoi ^La—— yj jl ^Lfol 


jj- > Jji )) 4iLALj_i *_jLS j .-.-'—A JjXIa jl Ai^Lb. ^jjl J-Aib J ,_jijj^I jlS Aj aS C—-1 JL- jl JLj oXj 

jl—-LI *_jLS 4_ii3»4J) ij\^ l Jy}‘jiJ 4^ ^loijAJ J y. u y-'X^o jL)j>tjbb ji yi v—aLS” jlj^P Aj Ij (l^*ljj» 

.(wLJ jl J— k.ibi.A ^LaC-jJ Ji J pjj ^LiaI jl Jjl a y j Ax—*-j; Ij 

^IoX—j ^S"j— 4SLaLi (_^lAp_«3a ji jb bLs aS Ij l$jl JjL— a Js- J ^jA jl yS- Aj v-aLS” j^jl —jLtbl Ja^ 3 jl 

L/-I “V 3lx^l j3j j\ b—x j ^1 Jb 4b-fri- ^La*— jjL^-a 4^—S’ ^X^J. jLjiLbli S/J^.1 aS’ o-I jjl 

‘LLal-Xi »j jj (^I—Ai^jLS ji Aj U ..aba A—S’ X—L Albli jlSjj— Xaljjj J (_^ijjjlS Jjl a L XL -L— ij 

.xiilx jb jjlx^ ijjjis - aS xii^S^ O.X a, >-3xa ^ j 4iLb^ (jj^b oLil ^Ij- Ij JSL— S/j—«» 

IJI -A jl 0 4-i (X3-l— jP^t i_p^ 4-JjUb jl Ij ( _y-Jp Ajoob- j XliS iJjX; Ij ^Jli jli I^35^1 aS") ^>LjJ_ j—iJ^J 

JjL—— t^l—A-Aixj jLS Li jLaJj^A c^jlX-a ^ - jjX j jX*» (_$!-*olSw-jli ji <_SLailS[ jlS j ^t £>L-S ji J-i>b j jlS 

A-S - X^l^ jL-S Aj ^L-s jl Ij j 4l_bli iji-j A3P Aj Ow Ji L aS" Xijjb ^Jaa I j ^Xaljjj j ^i j>j6 

Jjl—JI J_^ 4l~aXb Aj J XS" jljjXA Ij l-A^jjb lj ijjl * jpj y I j ^j—Lil J jj>b Jjl jLjjl oXj Jaj Aj .X jX Ji- JXiL 

•ijjlji 



JJ ^lA-laJlP ^y-J JLkl?-l i_jbS^ jjl j*-*JU j ji iO*vl Ua^Jljjl^- oL-jl tS jjiajLttJi 

j v_JL>«1jI <o ihJaLI— Cjjj^a j} iC~*sb -La I y- o_Uj y- *£ ^jii_ Up L ...I tUL>l 3 “Cs^j-L I j e-lL jAp C—;l; j^jI jl *5 

-L-aI3 >- L 

^jl 4 _^gJ ji oJCo (jjJLa ^S” oL_^>»-tJb _j ^y>** i _j ojIjjL>- jl IjJol ^b^ j»j*V UxIjI ji 

.^L j£LZj J J 4-Lb 3 J jljl 

4 i _ r Ljl^j i^y—iljl A_>outf iJ—U- l -y?r? £ jy~ j ^J !_/"-*-£* ij>bl y^r <y.y jb^*- 4 jl 

jSil; J~I-> eUjS" jUj O.U j Cj^Z-L* <ua> L. Ij ^ ^bS" jjl -lU- y\J*> j ^jjLa: jy\ j 5^y 

•r* 

^y_>b jjis .JjJ— lS" Ij i^jbS" j^Li 3 «_j> l>- 0-*p“j J3-J 4b OIaL—* oIjLLlI oljb^jjl o jl ^b^y* j»jV ^3^“ 

•r* 

I3 J 3_>- Jj_-i 3!) 4 —*a 3 i 3 o' ^jl— j 0>wi jL—> olii>J 3J I j (* y^T* I J -L^l-ls^ Igljl j} 

•(^jb^ j^$-1p ...I (Ob-) <*Jl j »£ 3 >—ilaJ J3J-U 

^JjLo >_ >yyi* J-*-— 

\rAr .Ui 
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a j3^— Ao 3 3 <-? jji 3 ^-SLlSLa ^...J.V : fra i_j 5 " t _ s JULcJl vi 3 jju> uaJ^x 


“iy ‘l“ L -y ^ 


»>-■« —o b ^ - - .l A - fr -a 4 ij>- A 5 - j-gfllista ^IaJAL JJa .CLS* CjLa- JjLjL LiL) j.i ^il 3 j,s Y • • • JL> \A j«s 

a_S" Jj-aJ OiLjjO «JL)» el£jjb jl 4 aLjjb 4 ~> .pLja jl 5 '0 .Ail^ga jL-ia p~ ...,;■ QjS (jaALfra ^Lja t 3 -~ ‘ “’ t * jl ,_$&) pl)j-> j^ 5 b 
A — > .j ! ^‘ Cjn^^ • ,i j— 4 _sJ>L-> p3^ <-&>■ J3U j>i 3I .^33 ^ ^YY JL> (jLijI Ph.D 4 al;.f.ib ,jl jjj j>-l 

.AiJ-i Jlji>» jJ> 3 « ( _ s lii 3 C>ij).» j-i 3 I ^»; . r7 

i(_glft> ~ .. a ..I jij I—?ul ji OAo jjjl j.i 3 ^3) o K . f . i b ^galc C>La 3-ac JL> i£j 3 J-.—.;.) J)Ao 4 j pi) ja jl 5 b 

'-*** , kj ^ ^ 7 Y JLi Li ^ Y JLi jl Cv»a> tS >\jio 3 ^SbiLSb ,j£au 3 ^ L o- Yj O^L-saw CJ3I1M i^SLlSb ^^wAifra jLlJ 

A ^ 7 Y JL- jij .1^ 3 o 1 IauI ^ .. l Ai ^ -o e.i Y . t . i b ^jiijxS lj iv> ,_£jj)l pb) 3 cLjb cj^ju lj «<_S” 3 j» aIY.* ;K ^ -\:^-. ej5Lub 

i_s&—-JJjL pLS_Lfc Lr «l—JyJlS" >-SLiJ ( _ ff L>> ^iJU elliib ji 3 o j5 l ^ cJ 3 pLj ^jX 4 j ^ J<a 4, L, pLja jy^jji 
is ^~ ■■ " ' * i jlj plSiA U (jU^a jLwI J3IC 4 j «ljLjLbiL* _ Li 7 aJl 5 '» ol^ub jj -^y. ^ *1 Jy-X° eLSJJb jl ^ \ *\A • JL» 

.jjj 4-oijl \ t \ t \ * 

JL) jj .J33 ^gibjAS 3 4^-3) ej3aA jL—3 (^lA^lily ^jb jjLJ L J33 45 " L> yk 3I 

^SLlia jji33a! jj (JLloAJjl oLa> JJ^ 4 j \ *\YA JL) 3 Ju^3? - L> - jli 3L0-0 63iL>» oxsS ijil)jo ^^^3! 3 I 

«4- a '^j3jL? «3)L> eAiy ^ ^Y JL) ji .■ijX CaSLjJ (ASEE) (j^eil 3I lj «4 ~ ..., ■> j) ^Jjjjuo^ 03)L> 

.^3; (ASME) ^-SLISL jjLaJu^o (j-a^l 3 ASEE 31S j* 3-ac ^Lol .ajo j? ASEE 3I 
3I lSLoLl>j 3 1_CjZLa</ oL3J>3a 3 p-aLAo .03«J tJ —> j<_Cj^Co L jlAv r illS’ ,_$j—> LlJU 4j £3jL ^ • JL> jO pL y ySc> 

j—) 03^—C ,A_>Aoljj ig 1 4 ■ *^ L. J—J>j 3 (J«l— 5 " (^lAvjtS' Cjj3-<3 4 j 4 A 0 gto J3I0 jO 3 JJJjL », % . » .« - >3 j+yu 3 Ij4^ 4J3I >_SL)l 3 L JiTui 

cjl—*JL« I; ^jL) 4 j lj J-jLa) (_jj3l) .aJIojL 4 a^-jj ,_y>jL> (^lA^ljj ji 5 ”l 4 j 3 jjloJuol jO SI ,jijljJ3 Oj3*o 4 j 1 _j 5 ' iUS ,jijljJ3 

j.i 3I J3—J Oj3—0 3 (JLc ^j—L) 3 ji3Lu 03^1*3 .Jul e^3«j 1- 0; - ^ 3) ( _yj)3j 4 j 4 jb- LlJISJ (3)3^ 4 j 4 Ju u < J)L*a 3 eJui Ja- 4)3«J 

.jwl 0^3) A3JL3 3 j3^Lo (J ijlAv : jh 5 ' ,_5j-) 

Ja-l3*j j* Ij ^5)3 i YY (^LjoIj jali >_Sj J-a-L) 3 lS >-\j 3 o *■> JL> 4 *j ^aa- ^yAa jO pljj-o jiS"o ^ ^A* ^L^JL) J3I3I jO 

JjIs 4j IjLjL LiL) Ja-I^ 3I j 3 o 3 UjO jo lj (_51 ac«aL) Jjla L l jU-J3^ olj^A 4 j 3I JL> ^Jua- 3 03^; ^y^lA jJ3>- 

•Ca-L) 3 OjS" ^gA-ljls lj 4 jIa- jl^> t jXJJLoJb pljj-o jl 5 b .JujA-bjj ^ylj 

‘A-)Ljl 3 ta 3 4_>l),i3a jl-JSj 1( _jl 4 jlj K , * T 3 4jLw3>i j^jl^aA jJaLi- 4 j pLj^j jlSb *oLj jL...i (_ 5 lA 4 ijA- jj iZSjLXa ji 03^ 

°J3—* utj* utsty 3 *! 3 J- 0 ^ ^LiaI 3 ^jlai JjL .031^*. n^jykj (^Ia^jjIJ^ ioJuAlia) 

.AIL JaI 3A- lA.il) 4 j 4 . t . j ,a A ^jliaA J3*S 


\» y jl j .o—I y-Jiy yjjii-a ‘-rXTJ^ j yl—'I y^-Xif 4 

.o_-I oJ_i -u_JilJ l^ L_ia i_SL«Ljj j lXjI—I OjU -yj>y {Sjj y y"-Ly J y~ **41 J c^jj-jl-*'^ y^-Ly ‘lx*ly 4 l5LiIS1* 

^laal^—3 jaL-I la t5Ljljjj al£—3 l^j ySlj^jl (^Ijp-I 0 ~>-Lx OLUf- j— j3 y . aa .a JP ala ijjjJ yx-Ly -^l 4 yal*A—j J j (j**" 

.JU-iL^y* OU-^U*l <i ^5sj jlSvJl 

-S^LS^. yjj3 O-j-^r J—ai y.l I*_l' a—I .0—1 yx-Ly jl— yijyl yyp »yr y--^ J-^ ‘yri* j 1 

.3j_ay* VL; cJL_JI £ j S^_yi j (_£i jjj\Z OaL-ilj -Lai* j£a3 j*y jj lj jly*-ilb aSCL iO— I jli 3jy yx-Ly 

..i—ly* 1 jb 1j yay- j^~~> “l^jb- ‘(Jjl—* ylly *{ j-L-l>«j —; jia j 3 yjj 3 j4 4 _>tA*j 

a3*Ap- yp-ljlS - ^l>«al yl» j3 O^y- J Jj~> OjIjJI y-ajjl-a Oj j-li 3l>«al iyX^ i—Sv—>IS— A*Jlla* jl »l >—3.1* 
yll_jj ^jl:—• OjIIjSI yl y-ayi-a .3jb jLj lSLjI^Ia yilj ^ cSlj-i Jyxl Ojl»jl*x jl yt-a (Jjy Aa jyl O-Jby y*jy-j .0—1 
jl—lij jj ^Ip- yL^. (^IaO-oj-Lxji ^ yaolj ij*5 ‘y-"- sly jy yl*ly *> j4 y^lj^ ! cS-)'-" (»-*Jr*j 

.JLil^ La a j Lx j La^JIiL 

i^-LiaJ j*j» js <S O-—I L$Lil—£* yjyl ji U yLxl oIJaI jl ySl i£jlx yya*j jl-i*—I yl il>*jl X y«—b Aa S^S 
J Jj_xI <S v _ 5 _«iy .0—1 jl*.j— jl J —>■ jl v^' ‘fX^* ^ <-^i O^L-' t0. i . A> - jj .Jjb yLI jl— ^jli; JJl—* 

.C—I O^PjO^j jiS^ljlx iJLi AXplyl JjjjlJ <0*j j3 jv> Li Ljjl (_jIaOj ij 

( yxl— j-.ijj jlj-; Jjly-il <-; Vy<»l ,_pl—• jl ji aS’ Jjljy aJIjI yjy» <; lj t5wl5U yjJ aS’ iyiy «-UU-* UIp 

Jjl yj^-I <£ y*J* - i >-" 4i y jl^i Jjl—• ,J-l>»j x ^ iyi C.-'^ X * t^jy 4 ji ‘■*jy-“ ( y* *1*j^ OxJx 4 j (_5jjli 

yji J aib O— J jl X*£- J3I— J j-X|< l» lj iy <laplj ^ Ij-a Jy- jiy ,y»lj y O—< O Jjl— 4 ‘iy*j l-^J <4^ 

i^jjl' ^jfi* *j jU t-A.i ’a ' jl yjj ji j J3l—• yji j^lj^ \y*j jl lj y—b yjj ,yl .jj j^y ix^ikaU j aO^? <i—■ 

j (Jjj-Z yJLii 4 j— y<—> jjly J W"I j' 5 j ■ x ^y (^'y (ijy 4 ir^-y^ c5'y iSytJj* 4 ji^' ‘ffjy* 
•OJ^ bXjU jlyyi lj jr^y^ (i'y ‘y^* 4 j^l jiytSj* a W«l '-^ J - A j ly^ 13 li^yj^ 

,j_^y jL I j i_SLJl£t ^yjl j (^Lii jl jjy ‘■J**! y y^f; X ‘c^jy ^ ^l 4 y yl y ‘iji' y 4 j^ 

•0—1 t^-Jl^a jl ^jjJ jaL»j <>J yl—I ,j— ji Aj y j£( j ji Lybpj I 

j y-OA |>yUi jj XS'U J-xjy° jlai <j Jjl .0—1 a— b 3 yrj yJy yjy^ J° t5X ii^ a 'cr-;l^ ‘ji^l ^* a ^ J 3 

jib jlOJ (_5ly AlOi? ji AS" iy— y yjj Aa yijX 1-3jp- yP- J jijS (*£ .0—1 A^la ^jlAlS' ajLj ijy Oal—iLj (_^j4 

J—Aiy ajl—s^l *S Jjj^y* 3y-y Ij yblj^ it^jl^* ji A^jO-a Ol—ilaj yjyI ‘^y -Jafj^y aili—I Jjl—a ^y* J 

eS^ji Aj At 1 1J a£ C—I y y y lab .33 ^ jl yj^alp- la AlO? Oj.^- yxJlA y-i^ y l^jl^y OaLJL*^- ‘ ji^Lw Oal— Ip-i* 

yLaO-iab yl Aa—y O-f>■ 'j jbiyl Xla j a3y ^.jji J yx^lA j 

j JVai—I j_a yy iJj‘ 1— (jOlaJyy jl jy-Xil Aajp^i ji la .j*j_^iya jS^il* lj yy-y& jl aili—I 3jy j3 ypU- j^lA^j 
yal Aa ..Lilya JjLwa la yil (^l y yxlaj OaLl*^ jl jjO—.*1 la jL— y»—b t^\y *£ p-al»jy* l^al y jjy J OajLii 

j_I (*^l— > - (_5J-Jujyji _) |1 _—P- iljl A*,. _ ay (*-—J ij-A>l—>- jl—*j j3 .33j^ Jjli? 0-33 Aa Xla y j—1£ jl aili—I a 5 ^»a JaLlva J-Ji 

j OaVil—Aa J_p- (_$lj-i ja j— LS^ jl ailil-.1 *£ Jaly* yi-a ,^3jly 4j^a3 i—3jlo jl ,3yiya ^lp*al jlja yly- jpl£ _) jji la OaViU* 



‘^■iS l J cSU 3 V_*~- ( _s'* J»- -k—y ^ ^—* •O—l j^j 1^1 ^jL<jl$LiI 

Xxlji «jl—/jlS’» JJl _ 4 Ojyjp Aj aSxI 4 j iX£ jkp yA'U- J -b* J® l -^i dr*^ J 15 lj xL 

^^Xjiyj ji ( J_Ji dr?*-* Aj .XiL «Xl <U4j? jlS- Aj yjty l^ l i_f e ' S" /a * (J^~“ ^ la iyijy* ®ili j o* J JJi OjX i ji^ A *-^i IfJ ji aS* 

jt^xJLu J5l —-4 ^Xx Jjp y C~$—>- ^j*}/ cJij i-i j ~0 ^1 y .Xl*-Li t j>~\)o »l?X: ^jji L i£>i^ Jp- y L *£ ^j \—• ^*pX 

.JLAJ j\J» i _J>- 1—iJlSd: »jp- Ij <_$ y y-pl£ Jil—• jl i_J-lp«p i_£jlXu Jai> y>«JLib *£ ii£^y 

xl .c.—xl oJ—Ji AXly iXl Vl; ji A^ Jyj»l Aj Ap-y l* ,_r“ily_j Xjl< i Lf ^X+* iSLtlSC* (*^**{ y-jlyj 

jb l> <-£jl£‘ y^bS - .ii aJIjI Jr-"" f _Ji JL- ji Vr" ' i-SlJlSL. ji ^X*® ^-ji jJjl ^jI 

,j- - i_^ ^LaxJIp- £j^-£ j-j A_j j C.—X ^l—t (_5lA,jijj J Jyxl y ^^Ixl X^X .C~®l oJ_i AXiy AjlXyJ j Op-1 j~0 

x_iaI y>- ( J__p- i_S"Xl ^UoXl ^jI jl *& jjlJL -p jljj g-yj ^ drt^W*? cSl-*®xl l 5 ^XI Ii™j jIJpj l yj >«-* d)ili d)l«~> 

.c-l Ali/ r UM t JLJ 


j^oT CjLww 0 ^aA> 

4 JLl_ww« jlip L l^j L ^ C-..«.l eXi cjj <» ^lii ijj<* *j d)l ji C..■ ^' l yL>u jJ^Li ■—^jl <jL jIip-L-p 

#xx Jp- <h-w* ^jIjx Lrr - j ®xi Jp- <;_jX 

«j!>L_f. ®__) .XleJL* j oLJ^p- l; ®j jX i ^L-p .jjlj *yrj ^j\sS ^1 jj »xi Jp- aJ_^«-i < 1 x~p ^ ^ 0 . JJL—a 

s'V. lj* y u ‘ <s\y. cS-^ ^xlSd j (jlX» olSdi) ol^JX ( JpL 1 < 0 y*j a 1 i».p jA 

t • jl i_pIp«IjI (^1^ XU- uXl 5 sJ d )\y& Ij jlXu Ljjl jl *£ » J. t p Jp- aJLLw* ^ 0Y”\ 

‘J_?l ji .XUx -1 ^Xp »Jjj JJl~* J ^'LaJi. JJL-* JS» Ji *J JJL-. .Xxa X,X^ J^)yj ji JiL-* Xpjj 

A_Sdjj yj> ji ,XJJ®X i j~Ai Aj jlx^l Jb Jp- j* i_JUflp ^3 J l5^jJ jJ ijLi^PiJdilj A> Ij XUXJ< ^^p-I^Ip ojLp j iXu ^-P JiL—• 

^yiLL ,jipX ji J XlsJLi i_J yk ijxi v_X_j! Aj ^JjL— a U_^P .JXj* j jljjli ia-p^Z4 J^e Aj ^ji jJJl—P y ^y 

J a Jj J JjL-* 1 iS\&\ o~^ ji <Jyjsr*^ -Xl»xi ( _ r apXip ► c- 4 !jU Ij aS - Xjb j^p-j JJLp <Aji/^ Jj’L~* 

.C--I oXi »jb jJJL—a j iji «jlw Ij ,_pl— j* ^ jli jl ji (J-ai 3 jA OIjIj ji 
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.CJL J^aI y>- jz \j 


^jwoImjI ffrA- ft ULo ^ —V 


al j-a-^ A_i bjLjjJ iJ_ iZ£ jLj i C ; .1: .-I ^yAJ AP y>*A ^jji (Jjl jlaj- jl 3- T ^ 


i *S <S^\£L >, 


■I ^jkLL* 


.Jj“Waj^P Uwl jJ ijLaLo AjJlka a jj J uUi^jjj 

C •■>••■ i y^Ajjlj j tflfe^.jUJl 1.,|3< J - .JLiby^a ..?- la. a y oJ—i (JL*-JjI y^aJlA A-j"-li 

j' C—-I OjLjp j-jlji jj ^-ja | >'-- wi y^-L.1 y->j>-jl>- .JjAy^a ,j~*j <; 

4-S - Jj—uT^J-* J - 1 —(^1—*JJ>» L> ^yUai^. ^.~..>~i a5 £*TJ* ‘^^■ 3 ^ 

•■■■■1 ^jj\ jZ y~i !_$Ljl5La jLlpt aS^ Jjki^y* jULl Ia^^ ojljJl .-LjL) Al-iljj l -jaS \Z ^y\jjZ L JUil Aj 

J-Jl^ \A1* • • ITli/S 1 —j V* • * * • km/S J_jl y A ^ jy C^S'y* L A—jIL* jZ L^IP *S 0..ml lj Ol.<aI>^4 

2 _J>- jA ^ ^jl J Jj-i^ jj_^ ^fA Cj jy£> Aj O r - j aS” 'jXqjjJZ a jl Jjl Aj . J^JiL j j £ J ii 

• ZySi^y a AI3^ ^Jaj jj ((C-jli)) La3 jJ 

lS'—J i vji'ji^ J eX 1 ' J* (♦^ - ‘- r -’ J j y>~ lS'j'' 5 <j?*j Aj ^Uaait ^el^lwaj 


- *A C 


^Jl5la , 


~-L;l oVjbta jj ^yjl>«^>waJ iSJJ al^I—O jj o-LJ ^l>ul (^l^j^^ajljJl 

^ -^Jiy cr-^ i _P L ^* J~~ii J j -^t/* L?*^* J^’jk J U^'j jr— J' 5 Ji*j 

(jl jl (jt yj^y> j a Zy-> (_$!_>• jS^ ajlajl t5j^ Ol?x»?w*j (JjlaJ—i yC^~A j^*j jJ C-jU Jjl® A^ ^jlAejL* J 1,^,'...ila 

A_S^ (J y (jr“j ^ C-^. - J eJjl ^l>wl (^l^J^^ejljjl jZ —a '- ) LVc/* <-$^jI^» |j^>lji (_5^t-~* OT^T J j J^ J^®j^* 

.Jj^i^ ^ jILa ^l^^/ajlJjl Ja-p jj 

.ZySi^y AJ3 ^iaj j J jUa* 0..«<.ST (jl^LP Aj yj (_^«jl^a j J a5^ C...jI ^31 y a y li J jl yl. ■ jl OjLp I(jt» j 

jlj-J^ lj ^j-JT (jr^a-* •'jj— 11 (a =r <^i ^J>- JT^ Ji 1 ^ J a C-«jlia ^ y^-J^ 1 jl OjLp :^j>- 

.j j-i^ y/ii -uiU- *S c~i f j& jz p~Jr SL jZ zy>ry“ y$jU c~*S 







jl j-i L —>*j <y*^ jj^ 9 *-i c^-Jl—I i —>\£ ji Laj^ji O^y*" '^— " •*'' j^i J ~?~ ji l -^d iSJ^ji (J'®-^' ■ J J?* 

j—> Jjlj (^Laj j? S*^ OS" jp- i— L - jj jj ji ^ «..- > • il»jl *£ .j»>-L jUjI L 0 — 1 ^.o —> ■ :oji 

jl jlj—tU-jIjA jl jjj jy~» i-jiwsjJ i*At» j jy~y, 8 7^ < -^i k - J 7j~ <9 *j jljj^y 4 (’—“■^ Jl Ij *J—L jl 

•CJ^ ^li> jJ eji i_^j Oi jj-j 9 4j Ij 

j*_>-L 4) JS jljie- <j ^..»>- jl^e j-^*- Ij j jI*jI Li <—LL* j- ijl ^15—. j a£^ o—I 

*•< jl jj jlj^j Jb- ji (_gl— jIja JL <J (_^>-£ \Z*£ (jlji^y* ojl JL« jljip 4 j .j—L 


LwIj-a <S 'jJiji jjl 0-f>- * 


cr’j'jji t^~* 7 J 7^ il 


ji .JL Jj ij^jA ^y)l>-|j (_g l ^ ... ’. I ^jXiL <JLLw* Jj]g'-A j£\ jl .Jl£ iL>ol ^ylSjl-4 4j Q..|j| (_.l.^ l-^l 

L»j I jA JJj jj—A J Jj»i J^ J^ L ’ y ®jl— 1 * ‘I &>%£+ A JjL Oij j~0 (jl ji (JO.L ^jSL.Lo ,_£IajL j~ju y\ 

.C~>jfi Joj ji —La jv—- a- O;jj~a <; Jljj^y- 1 Ij 

A_j IJ I g i T (Jjj JbL (j^i^l J JLIaIS^? jl^ jL>>»j j ZjjA (-^»ill>«l ji *S 7‘..... & (^1 $ ';'» < ^ J jlj 

V<—>toU jJ (_J—* 8 ' J I' 3 (jl— el— <_»jy>- L ^Lf l .ef T j (_$jli (_» jy>- L ( _gLfr ’U »^ i ya>iJL» ( _ 5 —jj 

jjr —y ji *£ i V. ji oijij 8 J? ■^ L *~ % ^ A •'——"I (*-f* jl?~J jl 8 ^Ia— I jjjlyLj -C—IV jtjy t.5jJl£~*l ojlXl 

a_ 5 C—jib *—> jjl—* ‘t5jlj— 4 js—* jb jj ji iS^ji (*^ r el— <yb? Jrij^ibr I Jl j~* La jb^j ^l*j 

.JLjL^ ojLiu yu\S {j+aa ji ^Ijb V^ + V T j V, + V T 

.J—Ijb ^jib-jl l_Ajb y J?—T J * —-jT^A Li —_) J >-$bjl—I —A-L« (^Lj <uJLla<» L I— (JL—I ^jjl y >ji 

ji L-JLp <S ^usLij Ja_ll JJ Jjl— el J n. A 4j l_j L^jT jl !^\k^K>- Xjl J/j^y (Jj jb jLi — JUae ^jjl JJy»*J*£ ^yiL^iffcJLib 

■ C— ,»il OjL^L-JLo el_j— i_$LL £jt e - 1 ’. & LJL 4^ ojb JL— <jy>xj . JC S S IJL C —hj^j j - jlsj <_$LibL 

^_lai jj jl — L i LwgLj jj jj Ij ^j~0ja j^jI JbL jLj>*—b j o—l ^.jjla ^LIS' t jLx>Jg ,JJ^ *j t^Ll^e L?u 

ij - 7 J jr-^ 7 J l57Jj—J jl j— 4 ‘^jj—I ^fy 4 7^ J Jjb La jb^i >—<L—>- <i jL) dAjb^i j*>- y ojjL- l^ioLij .ju—L a— b 

.J— XaIj>- oj U— I 

y OUl— OLeLi ji 

j xJL e jjb jLL o .(^—jj 

rf T j: . ..dx 

cy& 

-Ai 4 j j«j L>wu 1 t-Li OjLti ijl 4_; «—^ilS' \ — i ^ o—>L ^jU 4jl^ <L—- Ji 

ICamiI 0*~y Ol>-'>Ua^>l L l^Jl jLj jLj 

- L Ja>Jl cJ p- *j\j J JJU^ ^ Oji l_£j Aj Ij *Jjl (Jj!li 

.-U^^ obi C^U 


i^\ j-j I JlS\ « jlj__i e^lilswl u-JLpI Obj Aj lIo^i^j La^SI^mjI j 

O^Ul—<i C.. e4>^ OI aLaj L_$Cj jl t C.4? vJ^j jb j Aj C 




t^j-aLbi jj ^IXaXLo _ J«aS p 


.Xil^ * jjJ Jjl C~p- ji J eijj jl ji plj XjI^ ^ °J^ <-^d : fJ A 

vX^-t j J J l5j'—-* «.ojlajl ^ jl (Jflix L «x^ J-*-* fl—*rl jL» ( J*jJI ( _ r ^ j J^p (jLoj^J :p** jjili 

.Xi~ja lolj |*-A j o_l5vj (_ aSIpO 

^Lj-j^ejlXJl <_$! Jj pi J Jjl jjili ji .c~-.i aX*-j oLil a» jljly ^ O^'J* (ji' 

aj l'.....\ oS 4 j~aj ^la*- aj ^jiUaJI al^oo jcJU-o a£ Ul 4 C—-I ii J L tf <ci^ ^U«jl <jlin 0 '^-~ji ji aS 

,ijji ^L>t)l xL iOl i—>lxi <_£ljli ^y*~ *£ u* '-■’ jy*° al^oo 

jjiU c— aS m ^yr a, ^laji Jj j^li j>l .xo^ J-SoJ J L# S^bj ^l^LU; ^1 ^L* jj'^J pi j>l3 

•^ls* or^ F -^y iSjj? 




pj j jjl * A->oj jj yj Jjl jjJli .xiL^* *—»lxi jjX «l^x»i ji oxi ^jj^ejlXl XjI^ k_jLut a jl ji a£ 

OS ' j>- OjIj 0 ^j~j l L j O—jI jj 5 w< (Jl?- ji L eji j pIX p>-j ^yjlxi Ajj(_^>»-A Xil» jk ~0 jjJ A^al&A \y j 0 » *l 

U_il jbLS jl l-i t£jloJ Jjl——a ji C -_lj,_ya l* aS" O-jI JajJI ,j~£* J Ja-^ J-?' (jp^ f J-* 0pi* .XLJ^ya 

.(♦—it 


iU-T i-f 


jN p __j Jjl L ^jjlxil jjla'.a Aj .O—jI oXa aiUol j ,jjl ji (SI) l£jJL* il?-I ^ylLtJI p — 

i l ji Jjlxo il_?-I J (SI) i_S(j jXa il>-I ( JUL*JI ( V > »J pia i jl^ J aXjXI SI il?-l It lt. <~ ...,a aS” 


J 


XL ^x^a (^Ui jiJS Ji (SI Aj ^IS^al Jjlxu ^IaX^Ij jl ilX-l JjXJ . 0 -<l oXl ailiol j t-Ca(jJ 

a_j ^_»j J i ' .jl ^:Xp 0 >l_^ ^JjJL-J (_Jj J? jl SI il?-l l» ^Ixil a^jiI jy&j ,j^J ^jX Aj 

.pj Xbl y>- alojl ^Jyaj (Xii XaI^>- J^L>- Aj Jji> p-~-" 

ji J-V-S^ya A_jljl Ij SI il— >-\ j ^J>}£*J»\ Jjlxu iU-l ^ (Ji-U- JjXj J «i_jX Ij SI iU-I AS - ^IJjX^ 

ji ^_A ji LaX-Ij ajlxjl C. ; ,...i I-Jji Aj j aXjl jL-I IaX»Ij JjXj JS (XjI ^1 Aj AS XleX^ ^ji (_jl^ ^1 O-ajJ 

.XS lf a ^ O-J 


j-i 1 i ‘* 9 -! 


,Oji iSj J> jjlj Ajl^* Af JlX" ^5-X fj^X jjj.l Aj Ij Cji jyli aS - Jtj>j: ^jlaic 


•OL^J jlX; Oj * 1 d islajj is'^f A* ijJiIXa j aijj jSjiSj JiUa j^jja jl-j jft jjJ i^h-ilj ji jOJ 




Y \-f 


iJjloJLXi I^jI ^boL*j j IaJ^-Ij j lSwI £*a \Z***5> jL^>- j <Jj-^“ 




ShW 


jLJ 



jUJ 


jLL 

-L-b 



-Sy-i 

slug 


kg 




M 

f^- 

o> 

ft 



m 

s* 


^fL.1 jUI 

L 

J> 

LU 

sec 


jUI 

s 

V« 

J 


T 

jUj 

X J< 

lb 



N 

U 1 ^ 


F 

Jj s' 


jj*j j oJLZ» <Ll3 ^ jkAj ^^1 ^1>-I cO^j cdJlw e^l^ jLL> tj^wl^- AS^^lajLoJb 

J ^.--L^l 0^°j J <J^1» 4J^*J ^^"1 djljll* pJO~w . C m ^ iI oJ-Jj £^l j>%Z**i\ 4^ — ^ O^13 jl 

>■ J_^>-lj ^jlJJl* .■.■•»! !j —j j oJL^ll ^ jl h * l-^j SI^w . Ow l oO« I C wiJj Cy 0^>lj jl *^“lj 

^£j|j_£^> 4 Jl^%o jL_j ^Lft^jlJLj l t ■■..*» I J c^wl Jb^jl — ^ j^J^j ^0>- jl 4jl J+J C-^j jl 4fT) ^j£jlS 

5j ■ 6-0*1 > L-^J l^o I Jjljll* 45 wj y~0 ji j ^JjiJ 4 jSI>- 4j 4lwlj (i ^* i ^ A 

4 > (i^ jS 0 jl JJI l 0 ^Lil jk>- ^J& J* j L ji *& ^jIXlwl ^y>r jjj) ij -O-lj ijlXlwl Uj 

•O—il p yi jj ^jjl <_i*)li>-l tOjUj .-LiL^ ai»jIj jj*jj jlJL. Ajjl?- 

jjS>*a y JJ> i_^j L y)y ^li-i ^J?jJLS <-^j ^j>- *4 ^ Q~.jI (_jiJj?> ‘ SI jj ^jj j-j i_^j wjIj jXj jjjJjhj 

<-£_j j_)I^j JLkC-l (_$ljl Aj (t_?bl-»<'l <-£j) -GjjY’Y/WL* Li ^jI^j i_ji^d y 1 ^ <Jjl»^ ' ji .JLaJj aJU 

Ipjjli ^j+ ~- .~.~.* jt> (_jl ji ^ —^ Ajibt* jl Ajjwj ji .i jS^4 Zj>- Aj A_jlj jjjjjt. jj C.Jji L jjljj JjjJ 


y.Kij-1 J 3 Ul. iUl 


(1 lb) = (1 slug) (1 ft/sec 2 ) 
slug = lb-sec 2 /ft 


(1 N) = (1 kg) (1 m/s 1 ) 
_ N - kg . m/s 2 _ 


L^)L«/ tAjLL^li. jl^J JjjJ jl yS- Aj j^jA J *JJ{_f* -*A-lj jlji*j Jajii ^^J^S iSI iU-l |» 1 —-W< ji 

Oil »ti ^lj s^Ul^l ij_jA J^l» Aj l*j yZS jl ^Juu ji (_^lAjil>- ^ -w. ^ ...*i jljiP Aj (a^jIj j j]lS ij^i) MKS ^1.....>..j 

(*A Jj>-\J Jjlji. ils-l Ji .C— I Alij Ji jA fj>- Os-lj ,^1^ J Jjj ^-Ij C^r ^ £j>4 

j ol_«jlo Ji. ^L^-l jj lbm wb>-l j jl e^U^jl .ijji^ oiUi_j| (lbm) ^y>- Jj-Ij ^gl^j ^ j (lbf)j^ J^-lj c — ^>- 
(I —iji ^Ja-j j io°^ J jLil^i?- jt- ji) ijljjlwl ]oj\j^i o>u Ij ) lbf jj j aS - c~jI ^j^r jl-kL. lbm .C.~jl ^lj Ia jl^ 
ol_sjl j i J L j i_jbS^ j^jl .jj £ : l j* (Jl^jil jj. ~>-ja ( lbm j slug) t^l Jj»-Ij ji jl ojLi i ^l >_.1pI .jcS jl>ul 
UmL^lj jl A-S' -Lis' ^ lS -*3ja jl ^.j| I J ^jSL.L.J JJl—« Jp- J-^P Jjl .C~jI O-Li ojliLjl ^ J>- ^I^J slug J^-\j jl 

•ij^j o j Ul .jl Jj?) — -kljj lb jl«j jl jl_JJ ( _y 4 jlS^ jjJ Ij oj'^Kju .ijjj oj Ul .jl 

‘ ‘ lj*' A_j cJLJj I (_glg 1 .,a1 jJ I^ 1 1 ^^L-ial jL>-l (_^L^Jjl»^ yj J JG JJf^f* J^-i ^-S^-jlS-. ji aS L^-.o-S L-j 

•OjIj -LaI I lbs vL—JJ-J jJ C—JjJ Ij l^Jl ji^tt. tl^ Lo . S ^jj| 4j Aaj>-I jA cJj^-j (_$l y JG>-j^J .-Lj JLLaI jp- 

jj-il jl i_jIiS ^jjl ( yio ^Uj ji aS" Jjloj j *.j A_^j SI jU-I ^.1—jl ojliL-l C-^>~ ^^aj j^~aj ^IaJ y>- ^La jUjU 

C — s j a_j ^~ .,.... j L L*l; aS eJ_i ‘— J bS C — jj-j jj LgJl ^jjjj^y-jLjl ilaj jjLaj ^jjl jL« jl ,J_i J^l(_$jj^ IajjjLaj 

.J-jL*j OIpIIj Lgjl 






Ji (^lAoklo _ J^l ^ 


)-& 


O--I (*—*=r j* j> *£ jjj j?> AiU- 0jjli 


J- 3 Lr?. <kb>- i Sjjj = F 

AjjL>- <JUjL Aj ^y*yk ^jL^>- Q■ i ll = (j 
°j 3 J 3 f/r = ™2 j wii 

olji jS’lj 4 Alsoli = r 

(jl^—iiU- .Cw-I .juT C---L G=V\VTO • ) m 3 /kg.s 2 ^l^; (jkUjl <_Sjj jl A»il>- c^li ^iJlp jljli. 

j-* ^—“I a -^ •aIj oLij u-$CyLz^l ji jit* ,jj*j A>il>- jl <_$jjJ »C «l <>■ y Jj15 oT ^ jjj *S 

L*l «o^L; jjj “-S c— a rv/)N A;iU- cS^je 1“ *' • • mm Jai a, ji jl 

.L y\y Ifll ^ Jjliu A>iU- ijjyj Xkl &yy jvA A; jklS" *S ^ISLa 

(N) 0->jO ‘Jtt- 1 —j- y a. ‘. . u JjL ^1 j.bj tvl—-1 j jJ (j-^r jl jjj U ^^lii Ajil>- j j>- 

O-il ji «0jj» -(-US’ #U_^,I a >j£jA jl j-Ajj jjlaiA A; .XjJi jL ^150 j*\ Jjl-tu >~o ji (lb) j JJ jj j SI 

.vl—-I A»il>- i^JjJ t^L* 4 A; I j*a>rLj> >^j\£ 

^Ui'jl j*j\j 

ot*j <jz*j *■>. ^- ~ r~> f~-*r a. ‘■ 3 j- i (y ^j'j r >—*r <• ^j 4 j <_»ji? jl aS - ^IaoU- ,jj 

Lj ^ km ^Liijl ji VAYo N L y\y l» ) kg LLii <> ^—>■ Ojj-^» 0^ j^ t$ y.iy 1 oL»-a Ij «jS 

^ n l5Jt^ b j ‘ ' • * • km ^LL-jl ji V/Ti* N L ^ •« km ^Uljl ji <\/o\T N 

ji a^ ^UU-Uii j l*-^lj ,il^ aS c-I £w>Ij ^IS .JLi^ v Jb- j-.j c*— A; C\YV) km) ^jk-y ^UJ- 

C S^jiJ a~?«-aI jl A»ib>- Ol j-yu 4-U^^ C-S' y>~ VL ^liJjl 
Vr —$j ’cf* U a—U* 4 ,j—jl -C —ili -lAlj^- ljg(_->ki jU-A tXS" ipjiu* j ^Ja~j ^^jijj jl aS - y» 

—•>! (jr^ ‘^-'ViL* 4 ^1 v.-jSjj <>wj .OjIj i»ji-«< JU- ji jjl-i ^jj^ < sJL>- j)-Y j 1-1 Alilu 

G m e 
8 ~ R 2 

j-iU l “r-^7“ 4 —! ^.I- 4 jl J-ij^ jl ^ J 3 —j m e {j*r ■ *- i - i ^ L 5 4 01 R j ^j>r m e *5 


3 J-rT I *S °*/ ^ J 3 lS Io j 3 'j (jl lOl 0' li oW ‘^c* 4 «*/ ^ J 3 tr-Zi 4 Oj 1 * 14 i* 4 ^ tor 4 lS'“/ 


i g *—I J4il)lj ji G jl-lie elA j ji_ ilia ^jjl j^jb- jl i j~j .JjloJui O— X l/TVI (I • ) m J o/W\0 • ) kg 

.xj^ o— o g = VAYo m/s 2 b jj)jj j~* jljie 

jl jl £ r\a . « A_bb- (_jl la e i—'LX ^^jLj g« ^^1 .iyii^A ^>L J\ Aj AjSb- jjjli jl £-Ujjl ■>• g X>l 

1. C . — «l ^jy 9 ^ h ^liijl ji jl (jllae jlXL* t Xib bji 

i= *“(R 7 *F 

.C—*l (j^j /? jl aS" 




*x-ib jl Ji j jfijA ji aS - jj!s eilixl ^1* jj 9 ** jl jljj^ ‘-^~* 1 yy*-> *bb" jjjb jl *5" AjiU- _p 

jjil V b -lAl_p“ g'jJJa* jljJLe b y\y jljie jjjl O^J? #<XAi# b O j ^jjl jl jljjJ j_)X J 

jl L$J-& <SjS 8 jl*^l ^jy *j jl aS" |« —> • <-^ji Aljl i »lxi tO—I t y*>-j9$ Jb- ji *£ C^jlSIj 

(ji* Ji Cx*j *i c~-j AjiL>- v^lLi jJi ^abU <_$^ejlXl .C—<1 jl (jUa< jl-bb 

*£ t^JI JX jl ^b b 01 y,j» lj ji^Ue ^1 .Xib^ £ia~~* IfclaS jj *S C—l Cb*J j— _)i ^le £ 

.0^1 ^ ^ oJ-Jj 4 jIj! <Jl*w 


g = 9.780327 (1 + 0.005279 sin 2 y+ 0.000023 sin 4 y+...) 

J J_4 (_£_J ,^1—-I J—I J ji J—>\ .c-l eXi jbj AJb ji j* V-—«>■ Jj g J j^Lilyb>- y jl 

^ 'j jl OljjJ J\ J # * Li ^‘bl a^j 3’ 

a_» Ij T/rAY x \ * cos y m/s 2 jljJ^ ‘jlji ^ ^j^j <^1^ AjiU- jl ^^b jJba* jj 

J* 8 0 *; 3I (jr *3 Jjl <>—?’>' jri' *i <■*£ <J.y~ lj jl j Jjjil j j* 

. XleXi e^b jLL. |vA b bjJ 3ajlj-i ji ^Lil^i?- ( J»jC- b g ( _ y ~~j J (jlix* y_ jlie 



.jyS b J “ , jj <>-' ‘ r J-»* tr—' ^ r~ o-i ^Vlt* L *- 1 






>-£~abj.} j) ^lALeXLa - J 3 I J-a9 V 


g idjIjJUuMf! jIjouj 

ybxlyp- j — c- j Lji ji jlji jyj O—~> Ajib>- «— >1— (^1 jj eXi ais^jX ^yLLJI yj ijlXl—I jlXu 

ji cr JLUI j— Jy J jl iS a>oT b JX,\ JM. jA .Jkby n/Wl • ft/sec 2 b j <\/A*TU m/s 2 b Jy lo° 
j-ri J j—»y _p ‘>—2’ y ,JjI— k« y" j *5 O—-I yA aj i -£>rj$ <—j*>k>-l ^1 . 0—1 Ojjbx iX ly o—X y = 1 0 ° 

■C— J jljyXx ^UlS” taJ-i ^Uxjl Ajib>- ( _ # JUL»J\ 

J^ 1 -* LS-^J °lyl j-yj ‘^—^y J^r y OjlyX y j <i ^yy ^j'y. flyl ^yy 

j' °Jy 3 jc*j *-! OX—’ a£ yX^a JSI—• v-ii-t y •■sjliS’y 5(_s^“ jlxiu ^ b ^IaIs^-'jU 

I—jy kjly j' 5 ^jlxia j ■ i _>0 | l y J^y 9 '- J l yy yl jl jk J ^ybr vylx! j jlka ybLa yo i_»‘>li>-l 

.ij J( y HA ft/sec 2 b Jj, ^.ISbyl Jjloa. f i^ y j VA^ m/s 2 b ^ SI ,ox— y 


^ybUo jj 3 

«_5—Xjl^ ail—a (_$' $ ■•• j btjl i-SLaS" A—j Ij ij—Oy Jkfrl 171 ^y Aj »-£j Aj yaj <_j^k jl a£ ^AjiU- 

Ojj '•d ./' ^.p,y <-0/ O'-* 3 ' triU** J 8Xi y ?~*r •*.J Ja~ jl yy 

• i y* t y‘ ' _ ' jl £ x*\y>- kjjL- *!>U- ji 5jlk. v_jliJi b Ojj-o jl ji iJJiL Wy\y 


W = mg 


(\-r) 


(*L>»il J-yj ^Ja-- Jj 0J>W» (^J jA OS,\y>- ^\y ^j04 J ,JJ3 ,Jjj\y iJL Aj *5 ^>- <Sj ifyxLk jjj 

L-i aj (^^aUs (1)jj C-—. .Xil;^ ^j Oljji JJi 4 j ^J*>l^l ^1 .0—1 jl yis\j jj j jl ^yly 

jl A_S" X:-A 4 Aj jb>- j tSjAlk jjj .Xo^yi O— ^ Aa I j p>w> jlji* jO AjiU- jl ^ 

•X^O^ya ^^fejlxl J-aj ^tu- ji ^kjl Jj^k 

(^^ywJl«J*i) £bul 

^r-?y jr-i' *i ok y*£$ k J y* { Jy ‘ Oj>ta-A (yka^* ^baXa-lj v_^» jlI j Jjk ^Jju 
iyry OjIjLc- jyUj A*J ^yX tXXL (^■skjl ^k> jl XL Ojlj-*^ kjljj jjloO* Jb>~lj jl JLxj AaIS' 

-^JJi_y“ jl —Jy J okj '•^yr ‘J_^k (_$ljj iXy <j F jTi M i L^UiLj ,xXl> jk^j xL> aJ^Lc* >_^j ji 
— J v -r J j* kb<g k- -L*j ^Ijb ^ ^ aJ j^lyk -X-ib^y lf~*5’ jjL jl ex! O—«X O — >5^ >_^j ji SI 

F=ML/T 2 

<j\y! yij X-kxlj -X-Ob^y eX_aI C— X ,_^bjk kjljj i^^UjI Ca>w> ty-J^ ‘ikjl Ax^lk ji-fa ^La^jIS' jl ( _ J 5b 
JjLs teJj_5’ lj * yt3l ^-a j eXl ji C-5"y *-> jj$k< oJb>- jl F ia*xy AS' m ^y j U O-f-y b ,y-~>- 





^ \ ^1*jI 


„ 1 2 
Fx = — mv 
2 

tC.—....-I ^laj jl Abbta JjI .xl^^a O.x-Li aai-Ii ^ C~^*l (_$A*j i_#i '^~‘-J ~ i °~ *-* J 3 

:j*jjb T j M<. b \jj_j 

[MLT~ 2 ][L] = [M][LT~ 1 ] 2 

JjU ^ Oi' b \yj X —i -b J b«l X~-l cr-’J 3 J f -bj-* 


.C—J 

U^-^oUjk5 ^JjLuuuO \S 

tC»-....*l ( _ r i>L i j jl eX-*A a£ ir^ *X—»l ^L~>-l c£j*- ^ijAS j iSj} *j v_i j l a« .4 i_Sw*Ljj A*Jtka 

.j jta jl_J a_JL>- Jj jSi a_JL*I J» i£~j *J l J^y>y J~*z Jj> J» (*-*' J* b cr^ ur*3 

JJsX .Jjjr eXJbXl ^jV ^jX Ol l> iaJ_^a ,_yA»bj '— *■>• ■ '* jj c r"bJ Ji J ^ J~* c/"^' f- 

01 b Obj»iJLjb *S jij£jji jl ,_#£> ^ .C~J aJl * — a ^y-ib j j <-& j^ Ob* ^_^v* cSXajW <ii~A 

aJu—~ a ( _ r tfLjj <_sJUJj*»J—blx xb OUT .Xib^ Ajbljl JU£I ^1 jU«j1 ji <_yibljj * Xs » » a **r\y 

jj -Iaji 1 jAi b el^yt-A ^J iXj^ I j A. b- ..a *£ C — il JXa Ob-* b ,01 (JU-AjI J JjX-va i-k~j> y ‘<_y^i j^ 

•Jjl-'j ^y* 4 '.? 

L«.. t — S\ i^$\y W^l *—■' > * / . J jy* j* u-£ylz~il<~As£ \-A jj 

c> ‘j J 11 — > 


c5^Vj cSk^ 

J_jl jl y .Jjb ^y-9 La- ajl_j^A t^X^a <b—• (_$l y Jlo-bl JX i£j C«>-L- ji 

b 4^-jliLa jJ (_^>-_jS’ (^bkj^ J bljJ ^ vl—al ^jM Ulp ,Jlb» Olj^ <> -“bl^y^ij^ Sr^! J J** 

OjI-J \j i—jb i 0l_JJ 4 _y^ al^jl tXib vXs-1 ySj Obaj 4j |V>~A- C-A^—I jl yy .lyil j~0 b^Jl iSjji 

iS— A-j-S^ (_^Lj»ojb <t I ^JaI (j £ i-JL ^fi y 01 b ia-j^a J < _ y jb—«T 4j 0l_J^ 1J ^>- jl j^l •*£ ^y 3 j* 

.^j \ _ •Jjiij 01 y i_y I j ^1-^jA *S z 

ii£ jliJ j~p 0l<--J aI Oc^ 1 ^* •^i j*~ J* Olibb \S\Sh~e\ oXaIS^ ^jI jl iSy* 4 j 

Xjl ji ^j| i0r^^* oJ j^ *—■ iyxf-i , *£ -Xib lSL^-jZ fj 1a j ju ^Lia ji b^jl iS\£Aa~t>\ (_$1aj 

Ol—P^ial <_» oXji ^1 >«j| ObO ^jj ‘Ori^bj .J ^auSJ~p 0ljJ ( _y* J c5‘l ^la . /g l c^Iaj^-j jl ,Xib iS\ £\a-i* \ 

.ijb ^J*C~~i ^jV C~>i J >--i j l lm 

L$j j (_£ji ^jbl^J ,Jb l^a ^y*il_J ^pbwa (_^XJj^ ji X Oib ^ibsaa^j <Jbb Aj ajl^«A Xb l « ...a 

iPy <sh^y.j j' upb~« ^ j ^xJ yy *h~y ji ^.La oL J>ji 






y ^lOojJLo _ J^l ,J*sjS 


jl i-LO>- i iS^ji 11 JJ* ( _ypA > *-’ j\y} J Jj-^l y j (_$l—lj ji 

—-' (.y-’pj *-7—’^* O*^ dyj* <~r ^ C ~~V > r ‘Cw>ji j\)J' (*-*' j 

4£L t-ljjta jLj i£jjZ <i If- 4J L^J I ^y>- fj\jj a£ c —-I t# l*x. ^pl —» jl (_$l«i j-~& <_jLi» ji iwjliS’ 

. Jj jl—j y*i \j *}oyjA 

J>- jl $ Aj OjOL-0 jijj 

j J V-H^ Oile- -Sj il>ul .0-1 fjjjjJs jjy ^jj >Sj i_SL*Lj.i JJL—• J>- <^1 ji JiL-* Job.* 

*-> jl jo—j <j\j —! AP ‘c^ 2 * - # L> ./* '^Pi/* t£'°iUJl 3j* ^jjl t^ljb J* - «lj jprf J L P'-~ 4 ji^S" aJ 

~ Li P L y 4 A* 4 J 11 — 4 J 3 " J a ji j J^Pr 4 t^ 9 'j cyii*^ (Jljj J&>~ 
• ji^S" aJ 

. jL Ij ojjb «ib olp“>U»l (a 

.AjL*-i I j i_) jlla« ooi (b 

•A^ 0^ 'j Wy*’ J oUi>^ (c 

Jp- olj **~>y -Y 

.Xjb ^pJa^ljj ^-fi </ ^L^-l *5 j* I*-— Ji (a 
’^J^Lf* J^P Ja- jj ^ J J~*\ ji £ ^$\>- (b 

.ol—1>«* jib ^L>jl (c 

,o—-I ^bjl l*»ib v_—-Lu cJi ^L-l ^j ol—U^« 45" JOS’ Ij-j jlo*I>l (d 

,Jjl«i £ oiUo-l jbJL-bi-4 j*, ji jl^jL. ,_jIaji>-Ij jl *£ OJA ^uia< (e 

,JoJ>L jbL*-* j o. f> - tjlJjL* Ja> jl jlijl^j|_^»- *S JL 'S I JO jL.»Jol (f 

4—i jl_^_ji ^J >-\—>- jili j jlJi_^>- OijJL- <j ^Si^S JOpL j\£ ^jjl .JLib J jr^ <jr _iP jbjlS^ <Jljl 

JjL-—• ^ j—Jij j jijS" *ijA j» ji jbj jL^ 4 jijj VL ji I j U-l <. JS v—«jj>» ^b«l ji isLsijl .ii £ ^ UJ. j ji 

-'j S* J ‘(Uai* J ^y*^ lT'-JJ ^ ^ t OO- J( _y4 jJi; 4J 0 -L>w j lool 4S - .i £ AaI y- <£*S 

.Jbi £ JLaI y- 

4i b £y*S jlXi 

«y -J“ Jl J aijj 4JU*y Jjli Ojli jl ji J,lXj £ y^AA J J^l X>■ 4jL jJ J^l J jJf 4j <-SL«Lji 

j—! J I jl 4—,^>u u —<, itjL^Lii 4jJUa4 (_$U40>- <jijx£jj\ L jl c ySo .C—-I JL^-I Jjli tJiL-* jl l y^-MJ 

lj ,j\+-£y 4_S' { JLa l_o_i j ,/JUo- oVibu. ji^ jAi <; jl l*o" *jyji jA .0—1 jl ^Lo* ^L.! 

*-; At*-; J ij-^ 1 J- 49 ^— 9- i -Ab>w* Jajlj-i L JiL-< jl y~£ L i jy-j> •!j jl op c—o iJoS^ >y 

■OjL yA>u o-Li oili hiAjJi t^.oL-1 Jyfi I j tujbiwl 


j4jU-«UU 

h 


Oi' 


.1 t -* ,Jj ‘l JiJ^ 
_>l iUj jlS'LJ ., 




w ^LaIx/ JiL-a J 5 - WY 


jl-S 4u jl Ji J~*l L_Sb aS - yX---. c—I <JjjjJ> 1^1 jl iSW^y- J b-Jj^ jr?i -Mjj ‘-^i’ J- 5 

ybj jj aSIJIa- jj LXxb^y l_-Ls (*—a- c5b b j 8ji jl OjLp yx-- ' -ij-^ £~=>lj j J 4 ^ ^ ijj<_/ 

• XiAi^y y .——a J-^XJ j^jXSb I; ^ ... A - XXa- b ji i^^ji 

jl <_sl<u—; SijXA«A JaU, a^*--./ y.l -ij-iy. fb>jl /—?■ ■»(;/ **-~*y ibJJ j' J .p Jr ^** 4 ^ 


L^l XXi'yl ijlj J_^-J jl * 


jA L *& ^«L-*>-l .JLiL^ 


ijrs*- jy 

yjl ji .XX—Jk j*X ~-—1 Jj ijlj (jl-AjjP ^ ij~-,_y ^ylAjliy LgjT (_$b- Aj J 0 Xj l_S.Aa- lixj jl jl ,_jj->*J 

k_j| — a- a_, lj y—--. j-> oijlj <yr jl->- fbJ j yj-i^y Jib >.UJ ^.Jjj y> J~*JI ^-S^p j J~p yj <.J^jj 

.Jjloiy lJUj ( _ ? Li ^Ixil L_Syb-.l y-ji ji p—sr i'jl y-j j* b U-i *-*-* aS - c—l Cf- S. o^j* -fix^cy 

^^loJ 3 tfAJ-e tflAj*’ 

jl Lj J ij -j jl—S vj A ,l * . A J_A- J^b-A- ji l o^ A T ... A jl y lj L$X* 5 ^ <_£iXp jjibtA Jj-jljS JUp-I ^» 1 ^ 1 A ji 

^1^_1A A_j .JjjX^ jA Lis (Jj—«y Ojj «g Aj ^yj L^j c_jIjA- ji a£^ X X -..A ^yj L^XaS" ^j\y ijS^ coLjXj! (_$LajL«j 

^ULS' tJCloJL .t OL^ OLi^jp* K j^^" , w-^->" t ^jl^. T .. / > fT ^L»J ojlxl (Olw/Un jl a 1 ?-^« jA ji (_JJXP j^jb- 

.C—I OijA ,_£ljb ^*a! j' ^ ij-JJ oi' 

.ijb CwHA-jl jl tP-lP J;- Aj C-~J Aix_^ tpLi Ja- Jb- jf; 

. XS^j5L*S jl lj la."j i— i .... ^ jj j ^j^-S C. —«J ja j^ j^j^i ibyul ji (_JjUxL>-l jl a^ U . 7 ...-l —^ 

jl la jf’l A_^Jb- ji •■5j-^ Ojj —a ,_5iL*jl J 4 aJL>- jA y* ji aS - XAi^y I j jlSbl ^yl a.L ‘— .. 4 ,_jiLj J>- -Y 
.Xj XaI^ j^*A ibjl kijX eiLLl—>l (JiXP jjiliLe 

.ijS" oi U . : ...-! Ijj^A j^ji flijl j ilxpl l* A. 1 . 1 ... A jb*A (^I^jI^A" j^jjl vX— aXj ji jlji,_y J>- jl — Y” 

.C—I jU JxS' jA jl jyljlji ^L>jl j Oi y J>- «Ij Ji / ji -bb.; 

*> cS^3J 

I 

•i jS <_/ jjj i^yjj A—, jl b t_^b-°bji 1 —aIxxa oVil*A Ja- 

(_$l AibkJ b (_5iXP 0ibj Ojj^45 Aj 1 ily^- bjl^J aS" ijS’ AjIjI yXoi Ja- (_^J jlji^ ^- / X.A ol—AbtA ^IaxjI l» — I 

.X^JJy jly ^Xj aaJa yil ji Jil—® ji^l .Xj XLaljA- y>Us> (^j-A - 

—; 4_jb_i j X-Pj— Aj ia^ijA Jib-A jjai .ij£ Ailjl J>- «lj jl jlji<y lj JiL-A jl _Y 

,X«J Ji ji 4_JUa ^*1—A*I 

,X_»jli ija^j jl—a^” jlj^P 0~A»j l_^ia jji t^skS "yil ji Jjb—• jl (_JilX*j ljj j— aIS^ la— ijj A -ll —a Ja- —Y* 

J—a* ji jj j-aI S' jl oibil—<1 ejjj (_$blj4 jib jLL. jjla'.a Aj A^ Xijl^y (_$lojji JjI—a APj^a«a yl^Jjl ji Lgjl 

• XleXj l_jIaX>I ^ySwabji Jjb—A 

*-5 C o-d' j-i b- 4 -bS'l-i -ij J-A»b- Jib —a Ja- yl ji aS" C—I ^yi jAt ; (^yl L Ja- jjA J j jjij^; l_j!a«xI 

.ijb OjUJ Igj! Ja- b bli aS” C—I Aii^j Jib —a (JX-J ja ji ji u_^— iI^a jS I y ji Ajy»u yjy*^A 





jj ^Ia-oJlLo - Jjl J-oS 


——* ^J —>■ J j *— (_r'-?J J ji aJ_i eiLilxjl jl>-I j t_Ajjl*j 4|*-aLL« ^1 

ili I j ji j U-i (jjl ^L*j( L oj£ I . Ja^^ OLD lj 

J^jp- 

US JjIjx* j SI jIa-I ^l.fro. T . — jl ajLii—<1 L olwil>»^ ^l>«jl —T 

OLj —T 

j' i£J-> s. Cx*j J °''>* - <L 

»J-i #jb Akjlj L a J-*sl -0 

l _P^—' J>" J cS^ •-*-* oiUs«»l ,y^ ~"\ 






Aj^oj 

yiy lj 0 • kg <j Jj A* <-£j ^Uas J^Li <_Sb 

1 <^0* J a u?*j (JJJ j' ^ 

J *kj* J CfX? 't—^ b ‘jjJ * A r^ 0=^ ^ a 

.i_£bL-l v_—5- J> y^j (Jjj Ji '>' f>=r 

Lj»j j-yj £ y <> C---J C-& djM> j ^j £*k~. (jVL. ^ y*£4 j' 1 Jj-^* ^ * A ~^ t.r'M ^ 

••kjj J jj'-r~~^ _ Jj •kjl.r'’ y) y Ijjl jjj * A *^ yt>^* 

^lijjl Aj 4 jjJl« jlJb« ji Jj'Li .C—-I A3 £ J^y Jiki <dai>^» J?M.i J>- OjAj JjA* 4^ AaS” y> y (c 

.X±S ^ Jajlj-i ^1 ji M>j yy> lj Jj-L* ojj .Cw.1 cSy~ y yj ^Ja-i (jVL ijyAjLS T> • 

jIjl ju ^ .c_-I g = VA»T\o m/s 2 (TY/Wt fl/sec 2 ) jlji ^j aj c~~: JZ j'-bk <>0 ^ dy. 

.JU^ ,aUiJ g = VAYO m/s 2 (rY/Yrt ft/sec 2 ) jl ^ c-~J jUx. 



: r > 4^-r ^ jl (a) :> 
[ W = mg] W = (50 kg)(9.80665 m/s 2 ) = 490 N ^\yr 

,ijb (ai) c—i JjA* aS - 4^-1 ,^1 j-i Ijjj 4 *j.>« iliA-l jljj j-j*j <j \Z~~M AjiU- jl Uwl y 

yjj^j ■ - ■■■•»- jj JjA* d)jj 4jjjljjll> . > ■ !.. «l JJ_jj i_$vj (_bl*> y yi> i/iiAY <_jb^ jJ>-b (Ji-^- 1 jl L 


[W=mg] 


W = 490 n[ -—-1 = 110.2 lb 

[4.44828 Nj 

45.4 kg 


■ s. W' $yr 


110.2 N 


g 32.1740 ft/sec 

J-j-LJ J jA>- jl «jbj J ojUs«*I t-?5k^l Aj ^S’jLS’ JjAJ jl C)\yy> ‘Mb jIaSa jijjl vl—<-b (_jI^j u^JJ 

jb j «ili^<l 4 _jLS’ 


m = 50 kg 


1 slug _ 3 
14.594 kg J 


,43 slug 


jji_Li .jjb lj jjJi Jjjj 4 _^j jjj 4^jlJjli^l JajljJ< c~>»j aS" o^<t yyr jl-kk ^ lbm i^jjbL 

.iioili^il jljlP Aj I jl j y «aliL*l ji lbm ^A?-lj jl v 

.^y> tjjZ iSy*jL? f* * ^bL'jl ji lj (jljj ^ ^.j Aj AjiU- Jlk. 4_jLi A^l>^ (b 


R 2 

p, -9 825 

6371 2 

S °(R + hf\ 

8h ~ 

(6371 + 300) 2 


:o aj ^ y*jM£'?' * jl ji jjj 


i-^oLbO y ^Id^sJolo _ Jjl ,J-aS )p’ 


W„ = mg h = 50(8.96) = 448 N 

Jjjj iL>-I <j lj W/| JU. 

W h = 448 n| ———1 = 100.7 lb ~ 

h [4.4482 NJ 

:^jli SI jU-I jj .^S sjliol jiyj jjili jl ^1 y^y <(b) 0 .« ~ J > Jp- »lj jl js- <o 

\ F= Gm l m 2 l = Gm e m = 

L r 2 j h (R + hf [(6371 + 300Xl000)P 
= 448 N 

•C—-I j-yj £^a—- Jj jj J f.\* V' • Jj jij J_>o j jj oi £ jl 

.OJita t ji lj Jj-t. OS' i£jj jjj Jjjl ol y\ AjJlk* 

aS o—I jl»^ (c) o j\y OS’L ^IaLjIj ( t ^ZJS Ajib^ Jjjj) jjj (c 


W/, = 448 N L 100.7 1b 


•OLilj (b) o-. 


^\y>r 


JuAo ol£j 

*i b 1 £?b /) -((^V ^ >/* (&J /) U ly (jjpj Z‘\-/l"l"Y0 t rjlwA (jmjU b twjlaa <tOul O 

■forf f*/ M ish 

■pLmJb J)Uu /uffyU p CJy)ufi l/Jj .)y\)byl/ia </J,b i( y ^————j JU (J/alp ,/ c^j/j ,/alp (Jjjuj tflyj ^jp J ( J,p / Jj Q 

JU(j» fjb lb /alp 9 <-*}* N (jlt./alp lab) ,/ ,/t.p I, tipi)/ /alp ,it. /alp J/a tf/j m pu (yJu 

CaS) 0 (Jl tBMa y) CjLwka tf'/pw <ZsS/ JwjU t^iUua (jJU )) a/Lilul y) .popaJ t/liuvl (Ib/h' lb) (JJ <%i I yl <tf /uwb <tul 1/ tap i © 

M 9 *>/-{' (jwjU /yip I/ N*/^ bfi )l i/tibul (J9M * >//j^ (H‘/Krn) 111* ,/paJ a)l&MiI (jT ;l f 9 p ^}pa y) p )/fy)/S 

•>/9^(j* (ja)i b ’jjJ ./9<J fuwjj }"Y/IYi‘ 


0—i* J ’ * -- ' oj) U-! ‘S *&i' Jj' o-<l julj aS" Jali. oL>iUtuel ;l y Jb_o ^1 

£ u j' Oi* “V^ 1 ^ ^ j'j* o u * l J iJj j* li tSjj l*j o^j Jy ^ O—: oJ^ * i 5 —» aT O o> 

.Cwt jj-.; jl o’ o^^ Jj* 6^ O'A'^J j*- 5 A; j _piLu ojj j AiiLf 6^ i* 5 ” cr’Jj 


W 


y 



(_$!_jl 4 _S \ • *111111 j _loi <_) ji Y-0 

iJjjr-j JLlS I JM .Jbl4li £ j\ji Lai JL*! ji -L ' l—» t-jiLa^* 
jSl cJ-jS^ jjlj ^jLLlJ (jjS 4_i ^—~« <_S F 4_>ila- 

.jLiL d = t m (v--) jrf= Y m (k_iJI) 
(oiJI)F= -VY00O *"'‘)i N ^\yr 

( V )F= -r/UO*'")iN 

0~* ^jJLJ 

•-® — 

h-4-H 

I -6 <1mm« j !Ct*i 

jIjl* l^o ji T o • km ji ^jLa3 ^JjL* ^ 

J oij 4^-1^* J-UJjl ji lj g Jik* jl-li» tijli j\ji jjX. 

Cr-^j J j <_AoJ ^ 'j jtLu ^Ij <jjj 

LT .Xjjl C~—>X tC..«l AA* N £0° ^Liljia- o* f J^’ ■)* 
tS'jH '—’l-*_jl tj—^ « L# —<jj c# i» j «yLa g» oL-^Aia-^>l 
J-^ jl ‘ijj^ jl& l A>'- L * ji UoLii JaMi )aAj± 

. JJJ—4. C—>ji (jUa* bu 


jJjLmuU) 


J_>X>- 4j 1 _ r - > - t O^^lala 4 j -UjJja Jiili* jji-ili tS'ji) 

(xtf 4^1^ D c— ju Ji D-Y 

j-; ‘L—-' '°** kg fj^r iS'A jjj 

« J J^ Ji*V «-^“>L-l <i lj Jjyjjl ffr 0^4 S—’■ 

•JLlS 4*~*lau X^j u~>> I^jI jlabla il)jj J 
m = \ • Y/A (_?“>L-I j W = YTY * lb i_al_ja- 

W = UVY* N 


m = 1500 kg 



I -1 4lL» JSm 


j-i lj J 1 “>—A f/A* A * liV fj^r /' 

^^ j< ’j fj^ J J r* V 1 —S—’■ 

•W A 


Ja — *y* Ojj -C~J Y kg v--— j^rji fj>- '-Y* 

ji U.S. j SI ^l>»! ^ ji lj v— l^o 

.d—-I A>- U ^ N 

W=>nroN j w=’/r\Alb v i yr 


l^s—j Ujj JU—■i v.,* la> > i /l ^liJjl A>- ji ^ —V 

b ^ ^ ^ r-^ 

.jLul^j R y.\jh £ o**j* ^ ^ £ 

h = */m /? vlj^r 

lj “Y* kg 4 j (^ija Lfr J jjj j Jllsw jjj Y-A 

lj C—I eib—wl t *° ^L-jil^ia- Ji ^j ^ 4S 

.Xjjl C—^ jlji <J C-~J 


t V 2 J V, .J - i —La (jl — fcjli J, ^l^_! Y-t 

J V,xV 2 cV,-V 2 cV,+V 2 t V, + V 2 4._-U, C_;>, 

.xi —h j*i jjX Ujb ji ^jl j^S .Vi • V 2 






•-£—1-4 a Ji _ J 3 I J-a3 


^aL~l jJii jl lj J -,j <JaU> \-\y 

. J_o Lkj 

mv = j 2 (Fcos6)dt 

t j 4_j jl j i_$u 0 F ivi^ j— l> wi jl ja *S 

.0-1 jUj 


j-t lj J- _— » J_p- (_9jl »J-i JUpI Fj (^jjJ 

. !_> — >- s jb—jl ol» ?t la ■ * (_5_>j 4 ^ ^ • kg ^ j>- 0 (_j j j* 

a — AIa a j—(_*■» a jlj <_5 j 4j »l* >—#^i=» jl *S F,„ <_$_> l» lj F s 

.JU? 

F s = • /ori N j F,„ = U 1 N : v lj>- 

J- *JJ>- j-SjA 4 —I C-—-J lj 8ji l_$U d 4JLm!>U \ — \ • 

jl—5 \j jl j—> ^j——j j J. . ajj>- -oal>- a£ JusS jli^- 

f-* *-i 'j J ot*j j*V J**- L$JJ y »S i 

r_v <^ijr-> j-& j' L> £—*■'k j J - J j' J j'j—»J-» j 





) - \ • <l£ * ** o JSLi» 


-la —•»y ®Xi JUpI (Sjji* '*—* 4 JUlS” ^ ^ ^ 

I J ol—< j-i —«j l j 0 J—J» jL*-pl ^ J* 'XySiJjS*- 

®L« <_$/? 1 j J—^ ^^Ac-mjaS 

jl 


/?a = YM j/?B= Y/Y> : v l^ 



l — 1 1 <1—w*a J 5y *l 





<U>Aax> V~\ 






4 joJuLo V —) 


UU- i a—<ajj o5"^a- aj ajLil jjjj Ij >-l x£y- *S c—al j jl ^lAa^-Li i_£jL*jj—< 

^JiU *lja-l _>jLj j (_$IaJl^ (_£l$ajJl£« C.-^ -^_r > " jljJ^ aj jl 

C- J l». ' ■....^ ^l—* jl LaUk-jLis _j l^xSIj iIaLwIja jljjj j t'~ A j ^jpla- olS^a- ala»jl Ij j^I^j 

^j-—; aJojIj aS^ C..J C~$ > - ^jV j_£lAj»jju K-^jl. ft , ' .,. .1 ijj* ji jL*iA^> oUl~il i jj^ aS^ 

.XS^y ajJIIu Ij JL) y^y v—S’ja- j^pL *S <_£Iaj j OS’ j>- 



Oji C*5"j^- 

,_5jl_a olji L Jal£) OS’’y- L IJLZjI Ij l^j'U.'.jj AaJlka J~a3 ^jjl jJ 

il_*jl j—la) jl A_^ JL..,.«! _ .->• aji i_S\_j l a ... i Ij jl j ai^S jlpl 

iS JL... ■ J I l_^_SJ- J_S jJ_i jl ( ^—mw 4 ^gl *«>»jl L) A—jlll* ji j*i 

JLia jl j -g- Aj ^la) ji a la 6 1 <XS y~ -LL)U I J>\ JL«S^a- |*-)l y^j* 

ji lSjj_j j;j j ^......li^jl^jjijJ aS" JL-a- (^La-jtjA i_^j ^l^JL Ajbaj AjjjaU 

(_5jj_la Aj JL-jI j«s»-U ^ijljjj y* A (_5ll><Lil Ij a^-jIL* jj t JL»..jI jljjj 

.ijj^jlj^w Ij ^jll jI-j pjj£> jiaj ji a ji i-^j Ojj-ja Aj I j IwjIjP ^?l *& 

j C-iLj jlj-J^ Ij <JzX*1a (^Lj—ljj oji C—S’y>- i_a— j-jsj)) (^Ijj 

_I JJ_?-^Liiaili j iL j Kij>%j Aj L^jl _ jILj ujI^CjI 

IjJl^ ^ JLi JL*IjjJ Oib la...i ^.jat ^jjl ji aS^ (j^JJ *^jl^ 

jl —Li f jAS j. j ...< i_SLj jJ I j I . /at jJ P a jS T—l .j*J jl«^)l L y 4 


.AAi^ 


,JLJ*l) -XwAj Ij C-SOjIj jlJLLal ji aS^ i^lajf® JLjU tJ-ilj oJ-i OjI-L* 0*°^ J?~* # j^l 

j a;—j l _ r -s ; ») tSl<-J^I “H ^ 4^*^' b ^y~ ‘- Li ^ A^iloj j y^j lS' s ^ a ^ j^' 

.jJ^LaD XSy- jJ-i ajL jl { j~j j ijb C-S - y- tijJi^ya eJJL>-^>- 




oLaxxc 


z j 0 i f l z j y t x (^yy jib) oLa^ Ja ~*y ^y <j“ Ij ^ ^>J jA js P «ji o~*j j* 

ij—»-£• j / ^IX*! ji bj^^-bajlXl P Ob y>- y^sy^A .s j*j (p j 0 i R <_£j^b i~ A.s>:-Z .* l> j 

i£\—Aj*mD 4_j i(_$j—bejlj-il jL*-* Ji Jjjl . ijb ^Z-~-> L f^ J ‘ ,_jb*J oX*9 4 j rt 0 -fr>- .vl—»l ££jXj Jjli w ( ( _ y i>X y 

.xijj~ «^j-~* 

oX>«..—O jI—j (_$LaJ_ pw4 4 j O- — i *5" ^ybalX* jl a^la o l L jl y Ij (v_JUo ^L«j»-I L) Olji C_b^>- 

C~Sy>- J-~bj) ibj-aO ( _£l_Aj_p»* 4_; C » r .J oU^w jl iSjStjH Ij Ij j (jM** Oi^>- JJsX) ^jX 

•Xi xljX Aii^ j j l$-^*j cbl-frAX j j *—iw»jj £jj ji jA .ijb >.-«.>■ ✓> jj 
jj C~Sj*~ jl ^Ls- 4_> Ij 4_^-y t( jAi ji oji Ob^>- ^.j-X jl jiJ-J^ ,>.1 Ij J-«»» (>.1 O-XJ O -.—» ji 
■•sb jjijUj *s>Juo i_So (^jj Ij l$Jl jljj^ Ij aab <>J^> <JZj ji lf£y>- u> oJb- ^1 js *b i_jjla** 4 j>%jL^ 

y J *ai ji ljj«j .JjX ^ J*A t 4j^iv3 ji Ob^ la—jj Ij ^j—Xf* Ji bejL. j l^Xlb Ob'j*- jl (_slo.Utf- (J XX 

Jz-aJ! — j 0-S^> Ij I j i uj»j OUU0 ji Ob^>- Ij *lajlj ji .X- Xl jX oib jULi (JJju OS’ jj>- jl ^loJli* 




J Jo>Jl Obj>- (j-yj tAlij^ ^l>»il C—jIj -b^- ibL (_$jj Ob J>- iS jlpl 


{fc-JiiuugyO C*S T —T 


jJaj ji JjI—O- bj?- p.J' ...» .la —>■ l£j iljOl ji <b Ij P »ji 

jl ( 1 )^ >5 J—Lj>b Ja~j y t jUj jl <la^J jA ji P\Z~*ij* .(Y—Y J^-i) 

P" *—> tji t+ At OUj Ji j^^y* j4SW ia>- (_$Jj ji 0 OjIj lx* cbo 
ol—c~> «3 j* olj-Xj .x^«j^j* s + Aj 4j ( jOLaix* j cojX oby>- 
5 ,_j-X* O^—?- ji »ji j^l .XLjU^y* o ji A 5 I j A/ (_jjb j 4JL0I3 ji 

• XlL jIj XL tXb ob 


A t jbl .U ov — As/At L xl^y* Oj Jb (jl (jl*j OX Ji ^jbxjb- p.y* j£ jl At jl*j OX jS oji Ja-^I yjt L~.c , 

jl X - il Ojl—«P J—b cb_jJj» »ji ! a> J Oj 1 j~" 4 j ia~-jl» O^ j~“ iXlX ( J ; * ^Xjs Q.»^< Aj j eXi ^I^>-jb 


2^*3 b aS* Cwl j*li aT JuLoU^jA jlS*A oLax?w Ij 

-> ioL_flj A l ^ li iXjji l> ^ P jA 5 ^ A aJoaJ jP JjoU, aT C*-xl j C*-*»l A, 

•**fiS* Ji’V ^ 6 ^ 3 ^ A^a-<s 





Yf JaaJI o 0-5 "y Y-Y 


i .Ji-ib^y* 5 l 


4 OL<3>>V4 ^yjUj Olj--*j <-&aI tC—< 


.jjb ^ b 


—<Jb Ol y—Ju jl jb-4j j 


AAj^-* J-i-V c 


:b a = lim-^- :jl o—I Ojbp 

A/ 

A/—>0 


dv . 

« = —= u 

dt 


.£5^.. 

' rff 2 


(Y-Y) 


4-Joib o O* JLJl4_jb_j. 4_S O-tb 4 iOIa y-y .zy -Ul^>- ^yO b o~i* 4—ibO 4O-Pj— jiAlS' b ^jbjljil b 

JUS ji O S y IJLib (J 1 aIS' Jla- jA »ji Op £\ .JLib jA y j£~> <1)1 y u~*^ •>* J J~“ <5 Y-^ 1 

jj .JCJ—* J '~ Sr j-~“ ‘*V (*t 4 ‘ i _p-Y-? J^. ■^' ur*^ ^ j*~ • , 0—l »JJjJ 

O-f-a- (Ajb jlJi p-io* Ja>- lib i£jj OS’ja- j~~4 4 S ^jjla A*) Aj-i^ A*iU** Jjl jA iasJI ^ O^a- 

Ojljbl Oilj—iJ jj OJ^bp iaajl ^jlaO O-SJp- O-a-u jA .AA jS^jjaat-La L yO» Li 0-O» 0~*!>bp Ja~< ji j^~* ■5l-li*l jA jlAj* 
.Ajj JOaI jjA jlaj Ajjj* j-j IajIa jj ^jjl O - fra- Oilj—ii 44_-<bO J O-Pj-* 

j o-pj-~- 4jLSb* y—y *£ juI oaI_ p- e-Ob ^^L-JlyijA <JaU4 Y-Y aJaLw ,jJjI j Y-\ aJaIm j^j rff b 

. A jb-l^jA lj-i j4 j*-A b IJ 4—lli-i 


[t>aft> = fl<fe ] b | s<ii - 5 ds j 


(Y-r) 


J^Li aS JaaJI |»-4T...^ OS’y>- Jib—* .-bl»jA t_Sb> Ja>JI |»iUt oS y- i^ibat-* o^/aU^> Y-Y j Y-Y t Y-^ oVaU>4 

.-Ua Sy Ja- JjaIo ^J.—ily*A Jaaljj JjI jl l$j£ JIj^jI b <.£>\j£y jA AjJj>x^ Ol ^—*j 

jl—ibA^ ^yO b J 0-1* ^^lau b^jT (jl^^Lp ^jb Jjl^bj j oA_^ ^yr (jL^oS fl 4_abJi j V j~* 4 5 ^ybfuU- 

.JLib^ 5 0-1* 04>- JOUa a J u (^1^ CO 0^>- aS OjS A^^; .ajO a Jo! y oJa b 


lY’SJ 

5 y~ j—> (»^bj- J; ilyb A O'i/Abm JJL»«i 4-b Ajl jl ^y*—- ji O j j-4S> <jt J a 4 U 4 $ ^ iajljj jS"l 

S j?- 1_£ j jA tj b jl*j jl t v_—a- jj I j 5 olj— ii Y-YaJSbi .AjO^ya oaL- (jlAiaa-*^ Jjli j ji? Aj Ja>JI 

Lj O-P ^ 4 jl 4_-Jl jA j jl O—-L. j / jUj j* jA y I*—J b .J-AA^yi jliJ ^bO O j yt> Aj Ja>JI 

JSLO JOb-4 jUj V_—a- jj jl p—j j ^j-jO ji Aj Jali ,_y*L*J jA O-P j~- ^1 jjbj .A jO^y* J-»b- U = dsjdt 


.*/ f^JtS j >->y> tilVOY J- 


u'y'LT* b 









Y& JagJI ...■ <> OS' y> Y-Y jjibu 

Lj) jl.* --?- j-> j yj\j wilii ^&bLC Oy b y* w~u>- ^UuU- y\k» ji aS’ ^bi b X>i£ 

.a£ 4_*jlj jjJ&xa ji (o^i 

la .* y ^jl-lj ji aSHi tJLil;^ J-jI* willaO (_gLfr OfT y> -bjljj »->-*bt>4 ji l$u <j (jji y i^l-fiubJ 

jLu jl ^JL* Ja_jljj jl ^pbJal ^Jp 4^ ^1^1* t j 0 ya>~ 4j t C .»il oilid jJjli y> y*^>y <£ jj^JI j£sj\ b J l- ~« 

^ Ai-ijjjb ^UaJojIj J-*Li ^IaoS^ y>~ j yy^j ^bkoib .Cib yJAij ^*>*. 1 * £jb i_SJ ^->jy^> <>. C«£ y~ 

•■bj- 1 ,.** y cr’JJ *i 

Jl^JtJJbci- 

b-i <^bJ Jlji* ^jS JiC* t J-ib pi** ^Lj yy U* f LJ ^Ijl *j 5 Jr*iy *-*>^ j£\ 

l yj <1ojIj jl (_Jjb«-j ji .ib J>l_j»- I j Q. wilii j V Cp j~* twLi y <> i t Aj C ——u L y»y< i j> 

l_i I j wlll-i .J_j C--Jb wllli jl ^1jl* (JjS Jlj£ul b J eiy J_jf»** Jb»j J ^UuU- 

^_jl J yjai ji 4-bi wLuJjj ^^ glO u -bjljj jl J CSJp- Jb- ji |*—>■ _/ ijlj C^bjjb jl oilil-ll 
iC-pj—- t jL»j jl ,yyb; v_—»*>■ tUjo~*L <u <i~u ‘jl^^ lj w>bi .ijjl c~-o jl yy 
wJb- J* Ji J^-jl^bi 4jiU. jl ^^Jl^bl Jijj .i£ ^y&uL* ^y jA jl ^ySy b ^.bwb- 

Ji^ *i 

.cJ/ Jl JLj\ L,i:. .^ jlj-V *Y-r j Y-Y oViU. Aklj jJjl jl *c—I Cub a 4 *L.\£j> :c-b v lii (a) 

Jb-»j C ^JJ* jl ^1 .Cib t — 0 J V = Vo l S — So ^Sj>- <Jjl Jajl yit iyii^y ytf ji < 1 ‘ < ljCi Oibu (.^IjJ 

.Jbl^« ji yj \ZJjy0 y oA«i y£ Jl^^lil J^lx^ i t 

dv = a\dt b v = Ub + af 

u 0 Jo 

JJurfu = aJ I rfs b if = Vo 2 + 2 a( 0 ) 

.'fd)t*j o c.—> j djl jl i£j$ Jlj^bl j Y—1 Jjbw ji ,jj3 Jailjj jl V jib j\y b 
JJ ds = j' o (v 0 + at)dt b s = s 0 +v 0 t+^at 2 

J <u)jl Aul jA> <j LjJI ^z!>\ ijJb>- .ijb 0«~a iwul Cub • ib-i *£ ^^usb- C-Jb- ji UljJI Jajl jj ^jjl 

^bu><j lj jS JlJ^ul JLib yfo JLibi !)li» .Xub Cjtil* <il~* ,jjl iajl jAj b £jS jjjbwi ji C—il j 4lib C*Sy>- 

•|vC^ jlpl t\ jbj ji t = 0 jl*j 

(_jlli c-l ^Jjbw* ji J J* C'i/ibt* jl eibtlwl id^Aiy ^but jbj>Ctub *£ ^bblil yiy^X^J jl (_j^i 

.JLiloJLl J^jlJ^lil Cub willi ^Ijl Aj iaii Ijjj .Xib^yC C—uji b^uT sjb ji C'i/ib* ,jjl J i!jb jjMla 





L . f (t) — dv/dt j oab j\J> Y-Y <blc« jj Ij jyj* ^ .'fl = fit) ijl*j jl ^yull jl_jl£ *j v_jUJ» (b) 

-aa^S" Lf* *£jS JIj^-jI j l*A>‘ j*-* jl <• dt ji (_> 

J rfu=J Q /(0<* b o=o 0 + J^/(/)rff 

jl j ojI^l—I Y—X <bl** jl t jl *i Ij Oa£ (3ja Jajlj jl ‘ .s^b^U- ox ~ cSlj> 

:c—ila Jl^&il 

J rfs = Jurf/ b s = .s 0 + Jt** 

L J .JuT c —>0 ^l^il jl cSj^JI ^£^1 »aoali—I , 5 jS Jl_^l jl ^1 

•*y. •k*lj>- jL^j jl 

jly jl *S ij/\ o—»b 5 = /(/) pj *jrja Jr-j'^a <bU« Jj»- jl L.J fc— « Ij J^bwU- jljJ^ 0^ ^jj-® ja 

J^b- Y-Y fjj Jal*4 ji/(0 jab 

:0—ib j»_-aIj^ Y-Y *Jal*4 j_Jjl jj ^_jlJ Jab jlj_i Lj : a = / (u) iO-fr j—— jl jl^iP *j ^LJ> (c) 

'•ly^y <1)1 jl <Jj£J^ j U^jU-IJL^ l». /(t>)= dv/dt 


„fi=r *» 

Jo -k/(t>) 

Y-X <_blw jl <oli—I L j «;jbj u—>■ ^ lj D 0—1 fjV ( _ r — .JUa^ V v_ — ^ ^ lj r Vl <L>wJ 

.ol C—■>Jj t <-. — ■>- ^ ^^bub- i jl jl j^j^JI^&jl J 

,J —*f j*> jl lj Jb- £ vdv -f ( v)ds .Jb jl J Y -X Jib* Jj (Jllj a = /(l>) ^L" 

:a^-i i£j£ Jl/^l _^j Aj <lil*-* j .i/ 



.JjljJ f L jl ^ AAa^y* V ^ IJ ^jl JL^ - y 


ji jl (_$ j-S Jl j£ii\ j Y-Y* <blji4 jj ^jl; jjb jly L : a =f (s) jl yo\i jl y& *j (_jtui (d) 


f vdv = f / (s )ds 

J Vo J So 


b 


v 2 =v 2 +2f 5 f(s)ds 

J *o 




YY JagJI cSj>- Y-Y 


JjJ v tji^r A-> I J ds/dt |*_j! y^ Oj-^1 ^ V ~S( S ) ‘ 5 j' * J .b v u~r* 

Jl ji j J b 

tsi-C* ‘ "ts> 

oLj O' t/y' 4 ^7 —*• ji b u~t* t -** 4 '**j s v~ J> " j 1 . 1 *^ 


^j—SJ \^iJl L ^JiU* Jp- jl£»l ^ cSo Oj_^ -u t-AiJ. t(iy oVU- jl <-So ^Aji 

—i jj *_» (jj-^JIb£^l jl ol_p<y ‘-J—ilj J^* 6j$ Jb&l ^ iSOb 4 - j J 1j J_K>* £ U S l/ 1 -; 


OljO i-£^L>JOa» _ ( J*o9 YA 



Y-) Aj^xJ 4 JLLwa« 

“-— "I uSL ji CSjf~ <J 2 jAsha i& ^loji 

4 -l* Aj jl jp-» v—**■ y. ^01 ^ o-*-i «ab .s = Y/ r - Yif+"\ aJojIj .k- 

■ C— *»l (_Jj_Ua4 -OL^ aJL >■_- — >- fj S-Ui <£jSe jljjl ^^wiLu £j>- 

VY m/s o*^- -u jo-j ^ / - O aJjI JajlP jl 0J i r jV jUj (a) 
oji jjJU (c) J 0 = r* m/s <5L.l£iA .ji v lii (b) .jjb jtj 

,/«ist/» ) S ^Uj *-1-^ !■* jJ 

0L*j 4 j i — Sjl ^Ijl* j£! jLL» .k— jJ <_jll— j Opj—i :J>- 

: 0iLrf^ >X i^ 


fc-4 

[a—1>] 


v = 6t 2 - 24 m/s 
a = 12/ m/s 2 


jl »VY = "V / -Yi v o jLp u = VY m/s d)ib jly L (a) 

J—f 3 1 v’^r <kj .JiT^ o-Jb / = ±1 s jl 

V 1 .^ OSU j .ajj oS>- aj fjj£ jl 

:jl o-l OjU v ^k, 

/ = 4 s oil o- 


(_jLi j eol o~o / = T s jl oo aOj »r* = "\ t T — Yi iV o jLp jiV = T> m/s jjb jly L (b) 

:o-l jl l» 

a = 12 (3) = 36 m/s 2 oi^ 

:L 0—1 Ak*U Jt, ji ^.U^U- (c) 

As = J 4 -S! 

L As = [2(4 3 ) - 24(4) + 6] - [2(1 3 ) - 24(1) + 6] = 54 m 
•OiL^ t=t s C-o^ L'/=lsL >lo o^ jl Jj_pv alOL .1 .ji /iLUJ ^ 

j-J C* 3 — r--> ° U -> y.ajV‘ «JCl jilk. (OS’> <, ^ ^ 

As m '-O ^Ja_- L- o-l _^l^ / = i S l: /= ^ S jl ^U- aS - Ji-bk^ jUU Ij (_,ib»jbr V -t 

■ AS].2 yuA ^k- 





y^ Jo^cJI p ..o j> Y-Y 


jua« olio 

■Cmu} J$u jjh CL-utt <tuuA* i)pul(jA <Cujjlfi c^/ja <~Ju IfjJ tflslLlb ./Mtib QCuP i^jlijjl t^Sly tJJyjf^jA y)ll (J&y Q 

.juib ojjjjl) (Jjulf'2*9) <tuO jjily (y>l) qjLSJ (jl/j s j> U>b ObZJ iS^M s cuyUti </ Q 

.JuilbfjA (X) ) V -l (ji&ld (_ r >Uii (l ylpii J ( S ) S-t fJcZi l^ujSj < l) yljt/Lt Ojutll) i2sf) (jbuA y) 0 

(jbjs'j ojjpti y) e/ji jb <2AfLuiu6 tjY( jLjSJ .Jjjf UujJJLtt A S 0 ly i-rjlyl ? (j^J <1*1? £> yA y) V (It yl IjlfiuuJ 

.l^UiW Vi m yjlyj t-ZSGt-IS 





Y-Y AjyctJ 4JLmuo 

ilj-J^I y Vjc = O' m/s 4_Jjl Opj-- L OUaus^* I.L* jl t = 0 ji (^lo y 

<—>lx—j jj- 1 —>«ji tiLtZy- Jjl 4-Jli 1 .x£ zlSj?- 4j jit x jyu> 

j —*1^; OjLj i a XZ . 'S XzS tSJjz- j *-£—i -la— •‘y jl jl j C~—<1 


^l^JUj Ji Ij aji X ^L^wU- J 


. .juS - ^ Ijl-j cij =• m/s 2 


jl *—i aji X O—JL* j*^jjS^L* j a J IjLj ? = ^ Y S J / = A S 

.JLxS’ ^jLu* I j C--I eJL*» j 


A; Jij <> / - t s jl aji :J>- 

[[do = Ja d/] = -10j* dt , v x = 90-10 m/s 

:jl O—*>l OjLp aC-fr j*> le-Ut jS”i (^LjjUj .C~~*l a-Li j*—“j ( j£«i J' 5 

/= 8 s j Oj = 90 — 10 (8) = 10 m/s ^yr 

t= 12s J o, = 90- 10(12) = -30 m/s 

j —J 7 OjL~* bj^Aaj JjI <*jIj 1 J 9 aAjL 0 $y±~s_ OjI— w* L Q.,.ol jjl1 jl jZl^i oL.j jA j} X a ■ st~-»m a 

:^jljjll; il>«jl jl jj-J 0 J-i 

[j<fc = J vdt ] JC = 50{4) + J' (90- I0t)dt = -5/ 2 + 90f-80 m 

j^-j j> 

/= 8 s j x = -5 (8 2 ) + 90(8) - 80 = 320 m v l^ 

t= 12s j jc = —5 (12 2 ) + 90(12) — 80 = 280 m 

^l—>*jl X jy->xA 0.$ .> ■ j} ZL — y~ t = ^ S jl jj-j Ijj j .vl—»l / = A S jl jl t Y S ^buL*- 

-C~->l t = ^ S jS X jlji* ( X O-i* j^L* Ojj ) ., raW l .i j$y 

JCnax = - 5 (9 2 ) + 90 (9) - 80 = 325 m ^1^ 

.-U. ^ —fe /^laj iaiasJ 0 O-/ O-JU l _ r a3la- C-?-L~« tba^UmjU- a5" ieJUaLL* 




JuAa olSsJ 


.lZajuI yJ S (jli; fjMa (ylffc <0 X 0>M -M^k fih te>)UJ </ cl^mJ o/'juyiC)b 0 

./jlajuSj (yl/fjbi (jJ>ti O"^ 9 */“' t (. r J^/ & LSAif^I ^0 
.»Ulv» rv- ft yJ.lyJ <bj<J \Y HJ/A /) Oj) J luJyJ 6 /jjj df >UJk) QjLjjJ 0 


H 


IvWAAAW®.'.' ’BvWWWWf 


T-f 4j^oJ 4 JULmmo 

j-_->-L) SL£ka^a\ 4 Lr Jtil <^1—1*1j jL—i jJ ^3 jJ J- ^loXjiJ 

j = o t J „ 0 |j 4_<^j <_i A—S’ t = ° * ]a>xi jJ j dJ^S - OS’^s- 

j^loXj—i xS - ^ L jj .xil^ s alxul jj u„ ji c-Py- 

c- 4 -sr ji ^,-Jj L ——Ui* o' <> & Jj'o »-^j*J 

c-»li) o—I c->li (^jjlp A: 0^ jj *$ xao^ a - - & T s<dajlj ji» t <—«3L>^ 
4 —; ^ J*bj ^ jjj** lSoW^' °jo^ <j jjij* 




‘ oi 




* Ob L* 

jL t jl*j jl 


<JIjl y * UrfU = flrfs Alajj jl *C.-mi 1 oJj- ^j^a^vJL# ^1 >*jI>* v-jllJj a£ l>*jl jl . I 

jvdv = J-jt 2 5 rf 5 + C,(o-l‘) L ~2~~ k 2 +C ' 

ji . C, = Wq /2 tC—I l)= Uo j .s = 0 aS - ^ ^ 
v = +^Vq -k 2 s 2 

V ~ ds/dt j\J* l; .(50-0* 0~$>- ji) JjO^y* A3_^ia> jJ 0~X* j C~«^Ap 40 — 1 0~0« V 

JL^i <iy j' 

f 7 =frfr + C J (cJi) l — sin -1 — = / + C 2 

J Vug-*V J - k v 0 

•iy*-> OL^ t i—«.»*»>- jj I j 5 jl y j ^y •XaI^p* C\ = ° Jlj^i»l C-*jL» 5 = o 4 1 = ° aS^ U>«jI jl 

5 = Y-sinfo 4_j|_p- 

.Jbl^ o—x. U = i OjjLp jl O-Pj- 

v=vocos kt 4 _jI _p- 

.CjjJ j <L)jy0 Aj jl^ (>< 5 4 lj ft^l^ Alajlj iU-JiL^4 d = S AS* 1>»jI jl , II 


5 + A: 2 5 = 0 



H OS” j>- Y-Y yijU 


:L o—l y\j> j #xi <&- U»i (jl j eZ jj Ai^ji Jas“ ^yL—«jllyLo Alibt* ^jl a£ 

s = A s'mKt + B cos Kt 

<*!*£■ .JLiL K—k c~*'I (3iUi» J-—->lyiji OjLp jyl . J'.t... & ^yjli jIjlpI K j B i A ol ji 4^ 

:jjl.c—I v = s 

v = Ak cos kt - Bk sin kt 

B = 0 a£ y t = 0 ji s = 0 A»jl j A = l) 0 /k a£ <>\y c~-l/ = 0 a^ ^yjy. u =Uo <J_jl is 

■' Q ,.il yj <1j jy—3 4j l-£jly>- 4 j>xML> jJ 

5=^-sin/:r j v=Xhcos kt ^yr © 

JuA o ol5o 

6 (yXA (Jyj^jly^jl 9) yl ly gjjjj i(JJyjJ (jl/J. -^Dy^l C^MJ/J ly (JyJ(JlyJsil (jLfjG (JHHU 9 6/jil C)U£uv! (yZiU (JyJjlyJjjl yl tcjjl y) Q 

■M/9’1 <SM»M )9/A 

■M^'jOZu! ly (yM JI/&I 110 )ypi jJjU laOl y) Q 

U t^>uu/ljZt tt^jbuh Ajjul y) 9 &/Jjl)yf}U tj9/i-! if' c^m >1 (jGLufi fUJ 9 )9W(j* *maG ojLu t-Jypt/t* cZ-Jy ttz^f/A (yj Q 

.MuO'U* (ji) cz*f& 9 (jit&tA 


Y-f Aj^i OJ aJmmJ O 

Jjls axJj \ • j£\ .Xz»\ ( _ f * j\£ jl jl^U C—-I ci" y>- ji (_5i^ij^ • £ A C-P j~> U aS" yiijL *-£; iJ^jyy 0 

Ojfi v—y jl C^s-y* j Jjl* y ^ y -~ ^ •S ( ylA><l>- ‘4*L y~®l^ 1 knots <0 ^ilL? C^e-j~* lj JLJ 

JJ l—» Iw^-Li* J e Jjj—i XS" .-Uj L*J 1 *— < j Ij jl J <1)U j L-J> y ^y 1* j aL^L* ^1 ji I j 


jl j-i Cl — dv/dt —L^l 4_kjlj jj Ij C»>jLp 4 >wj td....^l eJLij oilj (jL«j j ^" -C .y^ 

•'Oi'jd' 1 : J'J 

. 2 dv dv , , r»dv , r< 

-kv =— - = -kdt - = -k\dt 

dt v 2 Jg v 2 Jo 

11, 8 

- — + - = -kt v = - 

v 8 1 + 8 kt 

'.^ ■«** j 1 2 y>- ( C.p Lo t ~■” ~ j u - i knots ^ a>* y ^1x4 j^li j 1 y L) JL>- 


‘ 1 + 8Jt(l/6) 4 1 + 6/ 

•■if(,/• (V-^J (J^- 1 (Jd^ 14 jl^ j <> 


- ^d Od'^ U 


J C»j X j! jl (_£y^(JI^^Ijl J 1) — ds/ dt <1)^ t—AJy*-> ji IX^JjLp ijjlj jl_^ lj Ij l y\s^A^- 






8 ds ti M rs 4, , x 

1 + 6/ dt Jo l + 6/ Jo 3 

tJ—ji j sJ—O js ^ _Jt (JjLIk / jUj v_, 

.c—I lj Jii c 




4, 6"l 

3 [ 6 J 


3 

^ • ^loj -d^»U ji i y4S *S i 

4 

-In2 = 0.924 mi(^L^) 



JuJjj Q ol5o 


■p'./f'i' t t^uua /J ly V tul/aH (j ftil t (j/JU; 9 V tjf ,\jJU ft /, 


o 

© 






rr jji— v-v 




4-Jajlj la .M y J — *L 5 ^* '•*—" Jj <_£lsji 0—3 j4 Y-0 

.o—-i «_:ii s _a- ^ r jl ji 4_s. jlj; «iij s=w-\rt+t 1 

^jjl—Sfwljf .JjjL»j p —j Jjl <»jlj ^ jJ lj l> -/ S-t 

j—i\ ji lj D JS ^UxjU- j jUj o.u jl jj lj Ay 

ji J—IjJ^y* (_£l4_a>*l> 4—>- 5-/ <lajlj La ■ - jj . J. jS OJU 

.JjjJsL a_jl— Lj aIijIj 

Ay = -rv mm a D = io mm , a - oJi‘ —I y 

O-Pj— jljb JojJI r _i: .., oO> ji ^l.ji Y-l 

j-i r j mm/s a__a- y v jl j> *S xiL^ v= l**-n/ T 

Ay^^aJLa^ ^ylaisLa- 4— lax* 0 — 1 >_J j Ua< .JjLL^ <uiU i_. ...a- 

.0«Sj3- <J jl A*jU 1 -cUslj jj *ji oJO siy— OjL— ( JS j 

oJLi sib a = 1/ - T* ^Ij -la—jJ <_£lsji a_at— Y-V 

--X—4—10 jj^ sy j-> t J—t a_ _ -a- j_j G jl ji 4S aO—I 

jJ -J—O S jUj jl ^0 4j lj ^LauU- j OPj— 

u. = r m/s -Jji op j- jy, = -0 m -Jjl ^b^U- / = 0 

u = r_r.r+r/ T m/s —ij^ 

T Y r 

s = -& + rt- w +—/ r m 
r 

o.«—-< <_j |r.Jii..~* j jla <j j j£— oJL>- jl ( j£\j Y—A 
4_S J_—0 oJ—0 ^_>-l^l» jl '.»■ oSlj jS"l .i yy >—'Ojj *ilb 

4— jl j J — j (_jly ^j*bf t jlsj aJ^ iuL>- lj l/0£Oo0 a_jl— 

o—J j Ij o—S j* ^1 jj o>p j~» j o—l jJa>- Y« km ^UJjl 

o-l o5^ Jj A* km/h CP r b vT JL-yl Y-^ 

o^^- /I ^ lj r. m OJL- J.S ^ 

I j >— 4J*- OoIj v_aL— b 1-1—iL) Y Y • km/h 

?ii £ I_43_jl» ^IS" 4iol \j S£ Jjkl y- 

s = ol A'm —<!*>. 


JjImmo 

»—O—-jI C*£y- <j Y—V Li T-l 

•- U ^(^* (iJJ Ji jij J^-i Jjlk. 


0 12 3 

r-Y U-r-1 JiLa-JSLi, 


^gj'LcJJLo jJJLwdO 

U=Y*/ T -Y • •/ +0* <_kjlj JL-y (jloji o^^- Y-\ 

4_JU !_.... > ■ Jttj OU Jit a— J- U jl jJ ^ «-Li oib 

A_jU 1 < jbj ^ lj il —'I— _j U O ^.JiJiliy 

0—1 j-i-e G *S y[£iA 1 j O-Pj—> j JOS’ j C*£y- J_jl 


—k>lj la_ 


yL 


rwU Y-Y 


v—->■ ^ ^ jl jo aS’ o—i »oi »ib 5=Yr -Y»y +i • >t-o> 

J O-P^ a^LauU- ^U^jlaO* .Oib^. 4jC a- y t J Jt 

(*—“J O-S^ Jjl 4—10 1Y (jl^ jUj --a- ^ lj «ji I—bo 

j <- < a OPj— ( _ j jL—• j 4—>- jj j i’X"*' --OLO 

JoS^y. O-Sy- (Jjj 4_S ,jl«ji O^j- Y-r 

j_j t jl ji 4_S o.— I o J_— sib U = Y + dt^ 4_ lajlj U - jj 
■A. ^ < j—.J—4_*iU -• O——^ O C, >■ 

..uiL t = i s Ij ^LJt. j O c*p^ i s ^UxjU- 

5=0 sS L-.+* JjA ji t = O (jUj ji Oji 

y = VYm a i>=lYm/s a a =lo m/s 2 a_>ly>- 

4 ■ lajlj la_■..■»5j^_>fc<* t ,“ T-£ 


r!°J r-* (A* 


5 jl ji 4_S sOl sib u = Ay/' 


Y ji y 4_S .0—1 4_jb y jO^jJ— a__ 




C>l 1 -SLj UjL;— » - ,J*a3 Yf 


4_, Y• *m/s 4_Jjl oPj— L y Y-U 
4 _ I y£\Jo- .jj-l^j* l£LL5> <-i Jo aj ^_»15 

4_< 0jL_.Ji lj J Jo J\*j A^ ?C~J j£tO? J,j4 CA 

IJ J_ii c_jtL-i CO J j_*J Jkj j~o t jA Oa jli* jl ,j-*j 

.JL^ ^y>J C-oli VA^ m/s 2 y\y 


Oji'$ JjLwyO 

A A ioAJ jl c^O TT1 J-Lijj! A—I (_^lo Ijit^o jj-jlj jl Y— \ 0 

C_jl_j s VLi c—— \p Aj j»jli Oj y-O 4j Y 0 m/S OPj»* li ^StS 
Jj_|w> *i/L) * ! «j»W» jl V_4jJ aS hfAJbJ .Syi^jA 

a£ B\j '-jljjJ *lo>*} jl c_jjj aS t d)Lj J «ij^ b 

.J_» ' I _ o- I j i jj-o-y Aj—o^o tS^. *i 

■ * • S’ j»- j I jA C-o jULo jl . J-jUJ ^j—xj I j tJg j jy*-j '—■A j~* 
'X£ JkSj^o ^>s Jyr 
h = H/AMn c t = 1/1 • S c_4lj>- 

v B = UM m/s J> <i 


I T n 

1 J. 

J_1 


P-lfc <1L~. JSL1 


j-jojjj jj_cl jj C/V ^j—; jl A ^L<»l jj^ccjl—cl Y—\*\ 

L; lj j_ _• <Uu<»li st y •“■ : ! *-£ jioY'O* jjOs- 

j _S"!JLs^ 4_SLl j-i l_i YY km/h C-jIj cJL-fj—> 


olj ji jj_cJL<I a£ t jUj C — j jilx< cJ-IIj —g c_jIl 1 jjil-l^- 


a _S g i_..„...>■ j_ j 17C~iLJ c_jll—cl cJL«.c*I c—jjl la ^ Y—\ * 

c_jlJjj lj cUS jl>ul JbL ^jL-jI jA jlj ciL C.JLU5T c_jlj^j 

jj jLJ jl^ ^jJaJ .xS jlJ y \ • * m 4JL»li ji Ijir* • km/h 

• UrtlLt j j^c M cjl>* 

jj^ L*j jl J_J iCcJr ^U-jIja ^ jUL^- 

c o «jj (Jl—>■ •l^ i Jj * Jjlo l5JJ l-'BccjIjA ji Ia jo J> 

c-oli ,jiJlj tij j? .ojL-. jL# 4 ^.jS'L* jljj lj lAjjjjB cvj—'I 
I * ■ S' ^>- 4 I ^jjJ1 ‘/l^cLLcjli LijJ*j c_4ll«l L Lwcjl jA j 

Y* ‘km/h <-^j—• 4_li>J ji L»..jI j—* c—j?l 

Lj cj—S’_,»■ ^jjd jl / ol^j j s ‘4JL-c»Li 4~»1 >i 4 c. — i jiL« (xlL 

.ol^jjji jjL iSJ 

s = nrm c (=U/lls (_jljsr 

jl jj j_» c-p j—« 4_S^ c. - .. > • (_$l—wlj—* Y— \ Y 

jlpj— A* *m oil—. ,> L jSJljb- Jbl ,c—l Y • *km/h 
jj lj Lwlj^. a Ja—jio ^»L_1 .jlaj jlaIJ Y’*km/h aj Ij 

• ^jjSyy yy- 


oLa JjJ_ 4 (oL jj Jjji ^Lfl Jp-lj* jJ Y->f 
cj-l—' h = 6 m £liJjl IJ (jljjjj^* yAjfao ,j^'j L$Jj^ ji4^ 

j?l .J_clli^j* Y m/s ^UJ jl ^1 jj ^jlipj— <£JL- j j 5x1^ 

j—* j' J jj* JJ4>* jl^lj ^*4 (ji' 

— oLa 4 jjlj^ i_aLc 1 .JLc'cfT >—jL—I j oIa ^la .*> L iJjXo (_^Ia 4 jIj 

.JUlll(j^*j (—4Li 

U= 1/0 Y m/s ^yr 



r-»r js-& 





Tk J5L-^ Y-Y 


\j t«JLi ©ib jLU Y—\A 


.J_fcj^a OLD <(D1j A ^jL*j ajb ji Ja>JI ^. ; <~.,.a OS'yP- 

^ —** L iaJ_jD ^yLij «jb ji tj V av Ja^ijU OP 



0 2 4 6 8 

t, s 

r~1A <11—JSLl, 


ji o^— cJL-?- ji y-^^ 

a t -alt . J. u S'^a *Dli ^ <£j^ J* Oali 01 j^* LA <ij^j 

^'lOri'-i ^ ^l4_la>J jJ lj cSo^ 

Ij_a C—*jlL« jl .XiS^ I-Lj «»i^S 1 j jit T” oil—• 



t 

9j 



I*- 1 1 <I*IIH JSltl 



Y-\? <11— JSLi, 


la —*• «ji l£j C«SJ*- iS^ji ^^-DUjl 0illj Y—W 

^joLJL* v ■ — ^>- j—> l) op j ■ - sD ^ olj 

1»UJ OL* jl ^y^**!* ‘J£»* JjUi* .JUj^ Ij 5 i—ilxsx* 

iC_**l s = Y* m <_S ^j-aSja Ij oji i _ 4: .1 ,o>l »-Ll j»-oj 



s,m 


f-IY <11—JSLi. 







oljii i-SIj Io ^ X9 


i z , m/s 2 



Y-YY <10*. JSLi. 


i D j A Jslij jjjj (_$ j^ajLS V jl jj*e- ja Y—Y * 

t oj . ja \ * * km/h \j \j S \j A aJL^II jjl t_^j 
f ojj jL>-* "\*km/h c^s-j~i \j \jD \3 C aJoU j <uili 

*-•. C t B jl opj— jAalS' (^1^ j£l .xS - ^ ^ <uili 
j t a. —-l>^4 o—>jlk» 4-oS' j —*oJills' vjb-i L Is ox 
■B jA jgs oil—• 


^Ja—., i-SLj (jL—lj jj Ij Y-YY' 

jl tSy* V y ^ j ^* ** j •Xlilp 'i/L ^y* aj j' x— * 

jJ 4_Jj—j i_jLXi 4j]flJ Jjjj 4_J y j 0 Ajjlj Aj A >-y L .JJj ?y 
jj-jl—j O ..- j Aj */Y Og OjIj jlj jLa Ij y)y jl Xw # ^Ja~» al_li*l 
a—-U^ li 4.1 ....jIj »Oi I—*j i m/s Ofr j-~“ Ij >—J y j?l .XiL^* 
Ij y- ~ ' i ■ y jj-j*J jl jJ—J jlX—wi ^ia .j j^VIj Ij S ajJ Oj^~j 
c—-a 4—* s_ jj-J c—i^jl ^Ijj ^ jV t JS «jUj j ^jS 

• J~yS v —jl-5- Ij A^«j j*9^a 


J = mim 4 r = r/Yis 



Y* • mm Jj_t l 5L <.ro* mm J> -u ^ Y-Yt 
<_j j «X_i l_aj 4jj£—■< JL^- jl U»il ja a£ o—I »Xl »ajOi 
*-^j■■ ■ 1 ; a—J jl <—jloi £\ .X-aa^* 4 _jb_X A sXjj«J JTj—I j 
X 0-f>- ja ^Uul*- L jjt> Aj ,j~w> j JLili W• m/s 2 
Vo • mm Jj_la y —* aJjI oJU- aj l yjj j xL 

>-Sj—I j L-j t jl_»j o . — ;jiix« ‘aa £ jJue (J JLjLoi 4J 

.xLj Ij Y 0 • mm (4 _j) j vo mm (b-JI) 


100 km/h 60 km/h 



Y-Y- lii—JSX, 

a£ »ja lSL Ojj b^IaJIj A ^yUj ejL ja Y-Y^ 

'r- - J-i J£— 1 --^jA OS’y- c—lj Ja>- iX eSjj 

ji-Jjil ‘ jlJ-i. jjJjJ JjLS C— 5 a L .XS^ yJu jLij 

■XxS Ij «jl—» J£ ja v_-»LzJi L t = t s ja 1 >loi 

^XlL^ jXi>- 0jl; ja As 

An = */o« m/s 2 4 As = 11 m 



r-n <lo, jslx 

Jjlk. ^Uja (m/s 2 v_—^ jj) a x v_jbx Y-YY 

Jj) X L Jjt Aj aj?^ OS’jl J ,Uj ojL iX ja 4JSLi 

ja «ja OPj—- J?l XL;^ ji —;ljil b( 4_.- 9 - 

ji I j-jl opj—- ij—iL • a m/s j —,1 y x = l * mm 

.x^ ^j-aj. x = IT* mm 







rv Jii— T-r^ 



JSLm 


j>~ C-^U <*_jIi** Ij X jj>** ji T-YV 

.j—i x = r m/s jx = 1 m < r = o ji 

ji-^l-Ap- 4_j JC ^jLpybf jlj—JU it = L S 4-J jp ^L>f*_A 

t = U s jL.j j3 lj Jt jlJ—44 j jc inax .Cwl »-U-j 


..US' 


I*-j * 




• m . ;t u = -U m 


cJI—>■ jl ljJU- <i ^jLU (_^j llSIj l£j Y-YA 

aS - »Xi (Jj^ 9 tA'b lS-J.c' J *~~€ ji, J j£~* 

J\ .Jjk* tiSJ*- >r 4i 1 m/s 2 cjB L I, c^lj 

C.. — ~Jj Ua * £—la3 l_->1 — JjJ jl A*iU Y • C-S’lj <!*>• y*t 

*—> C —T l j *S h ^Uj jl jSl« j V m C-p4-^.U** 

c—o d)l 

CJL^J- jt ^LUaIj jlj—< JJ-Jj4 <-£-i y t-l^ 

a]oaj 1)1 jl ^yy\ l£j dSlijI jl 4~jli Y c A 4lad'i jl I) S-^ 
J- 3 J-cr'.v 1 ^~*j— v^S - ^ 4. £_>j-i o^S" 

1)1 j; —* Ij l j~^! l .-UL^ ^ Y • km/h jAjj A jl jjs- 4 lkpJ 
^ o • km/h jU>« cp^- _/_SIjl>- o t v Li A m/s 2 

( A 4 l ad ( jl S 4JL»lj 4 j>- j 3 t^uS* lad>- Ij i"-£■^jl j .U 
.cJ^ -uly- lj J~4_^l ( _ r -L 


5=<\Um ^j\y~ 



Y-Y\ <1U- JSLA 



| J WWWW- 


r-rf <iu- jsLi. 

j 3 U = !•• km/h o-iLi OP^ (_, Y-Yo 

■*» 4j .C — <1 jy& JL>- j3 «3L>- qLl_^ ( jJLp»j 

». « ■ * I j 3 j—s- c~p »xjl j i(tan@ = —) -Li»j 3 "\ jlx~“ 

4—( g Sind c-jl_i _j aJCjktS^ (_3U>i L jjZ y*- 4>wj j3 J «3ljj 

Ij J-jvdjjl C-Pj—< -L—^ jj. ..«( •X^3 cJ 4 4_«l3l 3C-S^ 
<£ (v_3) j A 4_kij jl JJ_C- jl 4jli \ • (._aJI) 


.c-l 5 = ^ > m 

U= YV<\ m/s ((_iJI) ( U=ToAm/s(u) *_,! J9r 



Y-Yb JSLi, 


(JC^^ J»- \r* km/h c-Pj- li 45 (Jjlks Y-YA 

-1*LS’ ( _j4 3j_>- Ofr^ jl U-jU L i»3j? j4jj A 4-laiJ j3 

j_- A 4La<5» jl »/A km 4 JL 0 I 3 4j (_5l4Jaij j3 45 4j 

J3 A* km/h OP-J—-1 —J y\ AA km/h 4_, 

.Xl—oj^y* jj—y B 4 l adi jl 1 JL—A 4 ; jliai 4 S" (_jl4ja>j 

4 ( *Jali: jl .y-iiS 1 j jUai jl C-L— C-f>- J~4 y\ oJillj 

I J (l ( J_ i »4jjl C-jIj (_jlLi .3 jLlj^yd jl^ Jl Jj l£jj Ij 3 yi- (_jL 
^JoLi; 4—» jUa5 jl J_J i S J-j-pjll d-? -LIS' 4---UW* 

■L—S' yL>- ^JpLdj jjp'd j3 Ij Jj-pjjl C-P y* , —L*) ^ 







d>!j j J y 


ji <_S* 4 _> eXj_J» J_iS’ Y-YY 

lC —j 1 <_5 J - U cf^ J 3 J jb 

1> T = &/5 A_kjlj Jjlka j ^UijU- ( _ r ij5jjl L j^~sr W cp^- 

op j— L j^-jr ^1 .c—<1 jJLp A: jl jj aS .uL^ ^IaIS 

t = o <_Ia>J jj j Ji — J»L o-S j>- jj _j— L-1—i Jto aj o* mm/s 

/ = T s Jj lj v OP^—. ;JL-il i YYo mm jj r _>• c-jJy 

0:i" 

u = H/V mm/s ^>- 


aji J d — A^U i_jl ~. . i > C. .>tj 1 ajla-i aji Y-fi 

>—•'' * ■“ C« > *J Y' ajla—i aji j Cl — ~ kt 0>xj Y ojUJ. 
IJL-* jl lj j j_>- C~_S j>- aji t— y» .Xl<ci £ jly a = - ks 
jL*j jj u. = \ • m/s a_J ijl Li = « jj oLai« 

*/' cSj'-—^ W- 1 ' 4 —-* tsL* ^ {jj * 1 t ~ 0 

. ( -1—:S ^a l3j— * ^ J J— a *—J Jjj— a k -1— ^lj aS .US 4j>- jj) C—l 

•jLj J 5 OLaj --»A- j-J lj aji ^A v_jLi j OPaC-jJj* 

.J^S p-j ° < / < \ * S 


jJ C-S j>- Aj jjSb> CJI>- jl aS ^yLajj| >_jllJi Y-Y'O 
OLaj A_j C-. •■• '’ Las- jj_ 1» A_j aS "\ ITl/S aJU 

J— y~0 1 • O-U jj aS ^y*; *j mAi^ 

A—al.il J j —p- C . A— I d~>L> L (_J~Ajll 01 jl aS" 

j* J-CT'i' 1 ^ * m (jt jL ij_^a ^ jlaj .JAi^ 

•■^ Ui** b 

/=nnvs ^\yr 


aS" 4 jy SL. aj U o^ r L> JSLi jjlLa Y-n 

t-ij-t A—j jSL, al^aA taJ^S - aXi tfjj 

j' 3 j y^-y. j' -L~ (*—^ .xS^ cS jp~ 

jly j c-jLJ jlJLjlaC jl ji a_S" c~-Oj a = g - cy 

j»-wjS^l—a ^£l .C«—-I aJ—i f£j-So jlj_jl ^Ijil C-;jv»_^a 

c—I j C jl-iia i JJiL Ia jlj 


0<» alJL- jl A*jlj Y/0 OJla I_i Ji> ^laJjji Y—Y** 

jri* U~%~~* ^max '^~ e 'j—“ jLS’IJa- Aj CU>U t_jLi l; 

—* J j b T-* ' * • —-* J * 3 J —S' lj C^-j —j 

Cr-si* 4 b J 1 Uiax (*-*ijS’L .^L. J( y. jLL aj \*/i* S 

.jLi 1 


- 100 m -►) 

t = 0 t = 2.5 s <=10.4 8 

aCA — 

r-r- jsl, 



jj Oj £*' -< cJI—^ jl Ak = —Y m jj aji l^_j Y-Y*\ 

JS^-i JjlLa ( _^P^ Ol 10}j*.j C-S' y Aj £JjA X C-f>- 

l <—^j Ajli Y ^l^j lj jcAia ^Lyljp- j a->Li jb j+j 

•JjjjI C~J*J Aj jj lj } Ij^a jl ajj A^ / jlaj .-UjLj 

/=*/<\lVS ^\j>. 


v, m/s 



jl N * kmA_Ul»A_j5 jA al^L—al jJ 0 _ ri Y-Y'Y 

U-P- > jl _j— '■£• Aj I_jA jl Jlijl Jjy i-So i^j jSj 

J-il J J-aA- Jj—-S’ C -I j\j- 5 j a J—j ^1 ^ aXal ^1^ 

jl-SlOa- ^1 ,>.' jJ ajlil—il C^»- ^L* 


ijj—p- —A J * A £ B-Xj_j—Ji JUS" j aJlj_j_i J J (_$l$jLi 

^—*r cPy Oj/ ^ jlaj Jjljb- cxilj l • • km/h J y~£ 

?C—I jOi>. J^S 



Y-rY JSLi 









r-rr <jli— j sla 


iSjjJ, Jju Os JjzS y-u 

L ^jj\]oa o I C-^p aS a-Li (Sjij 4-*Ij^ 

•-^ Os*" L> 0/ J-J j '-^i Ol*j ••kS’^ 


1 

to“ 

1. 

■1 



P-f f <01— JSL A 


l—; I j al^Z—wl jJ A. JL pU u~~S j s~ij ^S~^ '■^i 

At jL»j OJ-. -US' JjJM .XS^ (Ja _/J J£i J{11 m ^fci 
Y m/s oJjj-S xS - *—jIi~S L j cj ^ y»y oy *—^1 jj aS^ 
. JjjjI C—-Jj jj I j «l£ujl jj ^ J «JL»li j i: i—ii 

<_jI ^>- 


cJLj>- jl ijsj j* o~^S. j?~* trfLwljA *-i\ 

<S xL-U^ cSs>- <o o. — a, — kv r i_jIi*S L j_^SL» 

<_>U—^ &U j jj-jja 'jZ—»!j jl c-jU flt 0 jl ji 

j$\ .c -I ( _ # £w.Lx ijy} j.J jl cr _iC «XaL£ 

j-» v_—a- ^ v c~p j k = ■/••"[ m 1 jfl 0 = Y m/s 2 

Aj IwIjA aS^ -U£ t j^*j jl>- lj jlj_jj JOL J(JUiL <JU 

c-*jl —L* fjj jj _^l .x-^ Y a • km/h ( _ f iAj yL<s ^jM c~p j~> 

■XL; <—jL~ a- Aj (i-j) JbLj i_jL—>• <0 (i_aJI) 

(all)i=IY.lm , Ui=UTAm ^iyr 


t'o^O ii = 250 km/b 



l*-f 1 JSLA 


*-L>\iA <±* jl Y/Y m/s upj_- L Y-1Y 

jj a : . — j _^l ( j-jLj B a \ ai\ U </Tg i_jlii L lj X m 

jl AX. .— i a_S fl C-jIj C—jjILw ^ j jSLw <j C <klj 

C L; A jl a : ...» a_^ ^j'il jl«j AwwUi-* .jjla C lj B 


J* 



i_ALw! Ij-J j »sjS C—-J «JLali jjJbjvi ijtSs- o jjli jl JS.j* 
K jj *£ ct = ~ -y) T aJaJUoU- 

ji Oj^wi cJL»- jl *ijl£ £I ,iA—»l ^^wwlaL*-* jljL« Oj-ii jl 
.soS (_jI—>- lj ljji>I Ij jl j j y>- s, V C-p j~- <ij-i L*j JC = 0 


Ar = \ • s i j = m 















olji i_SLjLoJ_^o _ jOjO f\ 


l O £ j—— l—j 4_S* Y—0 ^ 4lt—Mu* J L^gj ji f^\ji Y-OY 
‘ tu |j— i?* - 1 I> " ‘ « «; jk» tO — I oXi 'i/L i_j^k <J Y*» m/s 
jl—*j i /rf j 0_)l A_laA) Lj ( j_—j ^la — jl i_jjj j*- jl*j 
j ^k— lj £jl <kii jl v_jjj y>- 


i< C-S'lj Jjj O—-j— jl y*- 1 ooY-OV 

^ 4) jjJU i£ yjy |j OSlj C-P-5 o-l 


CP- 


k ^ lj ,j~ .* .Jjl— j^yi ^ Y • m/s 4j «-I'Ll Ijla- ( j—j jl 

^Ji ^ ^J 3 Oi' ^ i>*i cf*— 3' 

—* '—— S '>>" jjl (j-*- jJ O—jliu 4 j 4>-_jj U 

jl jJ 4-S" JLi k L f a y=-g ~ •/•••OU T jAjy O^r jJ 
iSjr- 3 ; jl+^l-' ^rjl jj .o—l 4JU j . .> • ^ U jp-l_j 

OjIj jlji* 4 j 1*Jj— Ij OSI j COj— j 0J— jl; 051j <jl*J jl 

»_jl—>- lj o—Jlj jljjj jl*j i_ijl» <j t m/s 



r-&r <ii— jsLi 


^liJjl (_$ljb t_£j jA iXL jlovl— olik Y-Oi 
jl-1 C —yiy ji jLx>M—jl A k_j jj .X^ZLy (_£ j— Y" 

^ J-OS^ l—’I 9~ lj j .Jij? y Uj toJ_l ojb 

b (ijii^-j *—! ^1—; jl) j ‘Jjl e5ji* Y" oUJ» ^Uljl 

.iyZ Jkjy* i JL»h i ij J A O-jU. (JjjJ jl .XL ^ 


jl i—• <^j-^ <— >j^> j-— Y-0» 


- Li *-* iJjj-i fj-^r tj-ii' CoS'^ jjj-S" uiJji4 


(^jUi' jOi ji .ijj'j* jlS - *j iXSy <i i * m/s 


j—i> L v——Li* 4^ Xaj^ ^Isjjjji xS^ v_jL— jjjy* ^j^r 4j 

j^— » t«Aj>V —w jjL >u */o m jl jJLj ,o—<1 ^ Jjl» 


oS'j^- JOS' ^1 jil ,^pL JSLi Jjlk. ^^k-j 

>_*: lj tjjloS' j^ ji x ^ij—li p\j*. .xZ jaI j>- 


0 JL) yj Juf l_)bJj 

m/s 2 



Y -6 • 4 l *n «» JS— 


ji —' -^Jjj C—jLi. jjl OS’ Lf -xjy Y-0\ 

i_i a —, a£ JL~o i_j jj j^p iii £ j...-*-^ 

4- <S~A lib j XXX,y Cl u = - g - kv\i yZy L-jlljJ VL 
ijs. kd Jig XZ\jy a d = -g + kv' xjy kJ ^k 

U v-jj-- j?l .c — -I m/s l. — 9 - j-, Oj, v j OjC o-i. 

LJ j— i L-jlj jj 'bflj lj jk 4 j l j— j ^k— jl V* m/s 4jj! Oj- 
b v f ‘j-r*j ^ j' ^j h L_jjj' £li;jl ^jSb 

.x^ - oU lj^ ^ •/• O m 1 ^1^ lj ^ .JjjL 
h = rvo m j v f = Yi/\ m/s ^l^ 


I 

I + 


Y-b) <Ilu-JSLi, 




fX J3L-0 r-r^ 


jU.j L> «xc *3 coUi (jSL. .xib^ jjJ 

x ^L^ul?- bo <S c—-I «-bjlijl—; (_jj j »—> j xb^ 

a — Kt — k x b y\ji <s^xa .xb^ ^jljljil U-.ii —* 
j xc-~~& c.~a j Cob <—o j* j* k j K jl ji *S xib^ 
Cj j_o» 4_» ij JC .X—.Sb^ j- io» j—i\ jj t = o ji,j ji x j x 


x = -(kt- sin kt) 


i^il_— —i JlixJl | -^i ( _ # >-l_^ 9 j3 ^ Y—6A 

r/Y km <_Loli B jA ol£c~jl j* j_o jLki 4_SL.l£ifc 

,JC5’ ( yl ij jUj b j£-i lSi^‘ £~*J~* ‘XS”^ c5y- 

a + bt + ct' + rff c»jj-o» -b <tf) -u- orji >_~i 

j J u-ri 1 ^y iJ — j—k** W^* j J j j 

.Xjjl C—X _J-j I j jt-*J jSU io 3 _j-»J Ij tl&Col 

t = > •rn s < a™x = yvu m/s 2 d 



)♦-3.1 km-*| 



r-a a <n— jsbi 



r-af jsbi 


4_£ C>_jl_ ij ^y} b .JL/UJ jl^£j Ij Y—01 <! ? ..< Y—66 

<^Jj-i -Xol *_jL~p- 4, jJ (J Sw.bjOjyJ C-kjlU Cil^JI 

j-> '/' ^'M> T »—>ls—i iUul dpb C-*jlik 

jl ji 4—S' 33 £ cp^ jb^ c-4^ ^3 m/s 2 i_—p- 
.xib^ m/s —>- J v 

f, = '/VM S . f,. = */mVs djPr 

f,.. = */HU S 

b — y XkL>- C-p-j—-< I—» L f- : S\j j*jli k—>lxS ► Y—6“\ 
c jb ik jl ji *S ex_i .ili a = kt bl -cv-g *!ku\j 

Ji *£ xib^ JiJ g J CJflj |*lli CJi j~* V isi^ Cob 

yiU Jjl CjjL—c- Cob j~»j yr Jp^li j\jj, 

L-ij- OA C>l j\y *->, *-£ c--I (Jjj~> x' ^>bbJ (Mb 

00 b S jjiAlS" j^bUj ^J3 OjLp .33 £y C-P^J-O 

_i C~e-J~> *S JxS IJLj (jl^lajl J .cd lj> C-kjlip cip 4j 

.XS jlo t^JLl jl l j-o 4ob t j3 Ij CJflj 






wljO 


A j xJu o j*> huki\ ^gJ^Jyo C>S Y —T 


j-d' ^yy •psil'*-',.^ g.s*’ jl J* o*i~0 <-£> y aS - jr~* ‘-^i al-tul Ji Ij #ji OS'^s- jj^l 

C~S j>- *j-^a £ I .jJi aab jLO. Y-^ j£o ji *S” O—l Y-\ ,jl>u ji aJ-i L JS oS" ^a- jl >L^ oJb- oS"^a- 

j-S'i *>LJ a_S j^La .zyiy ^ r L R j ^j*~e ji j*<t> jZ uLai>n Y-A jSLi jj J& y jc-;y Aa»o» Ij 

.ib jlil Aa*i-a ji oS - y~ Ojjv» aj jli|0* A^a l$;I l ji aS - Ij ^Iji L lali Ob'^a- ^iSI t _Li 

'-*-?*>y cSjb J_. J_Jaj t-SUS" Aj 1^1 Lfcul t(jrf iaO— Ol—a^a i jJ laa^JI ^^JaOa OS' j>- jl Jo 

Lr-ijtJ- fi] ' jl L f^- fiJ^Lf 4 cr^. oi' J j ^1 •■ 5 jl J j (_*&-— Ojl—aXa^a ^IfrO... — A> jl aS p— 

^jt-^ <jl js-* 4 —; ^OjIj L .. fc— a n-SLalio <A->»— jl .o-l ijbjj lSL ^yUj jfzJL* l j^u 4(_SL»bjj oLUa 

jl jL ^iwULa *j\y ji Ijjj iJj y$ Iji “^UlS" Ij <—>*— ^1 *S a— ajJ L*_i a< . 0—1 jl*j aj O-— > ^jb y ( _sl£oS’ 

.i^S" OIaLJ (jl 

jj oji t jL»j y .O-jl—J JSL-i J^l —laa Aa^i-a y Jc*Za <Sj il-Ual ji Ij ajS <Sj ax— jjj OS y>~ j y£\ 

j^l • ii j^ L f-^‘ ^ jS « jl Jjl O J-U ^yw.1— OjU IO» jl aS r 0 ~*i y jb y Ja —y *£ <ci^ j\y A Q—i 

Bji if + A/ jUj jj .SSjfi 'y Thais’ aji C— K » y CjjyjS ^al ji OiL ^ jLta T O^a- j ejljjl ^ i T jlaj ji 

.j3lSL-l 4_j iv:-„jb y ( a_*j r 1_—a^jj J—l A_S |v-djb A^-jJ AXjf -Sy^y (j-aa^JLa T + Ar 0-0 y> jb y aJL -y 4 A' ji 

lj_-a j £I ..oli^a lOa i_jl>wl jl .« J ai_^ O—O^a ^Jjbjj j—*J aS J-iL^ya Ar jbja A t jta j OJla ji eji ^yLftjllf- 
ir^ j* °- L - i sJ j^ c^lj Oil —a .Xla^ jjO At jS"^ j-JJ r O-O y jb y iiy Alai; OUai>- 

i_5dl — ?vl^ j - *i jy - ~iI jl ’^y^y iS •jl*^ll j* * iljial ji a^ o—l Ay j)l^—I Ji A aj A jl j-—• aji os' 

•(*ij-^iy ji^’ ^ jll^—I Oil— a j Ar (_£jb y 



r-6 JSbi 


Of y*^ 

j Ar jb^_) ‘ r ■ j > ■ j*— a O—j jb^j aS - - - ^ ^ >— byj v av = Ar / At <1^1 j la—jj A j A jj— eji Jz^yi* 0*^,— 

.o—-I Ay/A/ ^JlSL-l o-— i A'jA ^ ej i Ja-j- op j- ojl-Cl .o—l At y Ar ejlJbl ^jl—a ^iWjlJLji 
4-Uj_- c5L_i iy |*-> aj A j A j eJ_i Sis^jS At yij la—j— Op j— ojl-bl j la—jia OPj— jb ^ jlJlia aS - O—l £-*l j 

i^d 




ijjtu Ja^r yJ> OPjl-ll* O jyP 4 _i ejA V(jl<la>J (OP y*> iSS 4 j ^yla j <lLoU 


,. Ar 

V = hm- 

At 

A/—>0 


: j t:«J J-_-a i_f _o>o jj C-<-i Ar aI Jo»l iXS y J-a joa C-o-i <u A/ L# ia_j Syi>y 4 ]aa- 1 ^ 

• 7 c— 4 7i ( _r' 1 ^ ^ v ^r 1 

,p~~jyy j aa^ JaLi y> Ij c5jIa^ O-iC h oaIa Ij j315L-I C-aS’ JiCa i_y*abal <1) 


dr . 
v =— = r 
dt 


j SyAy eJLali (O-Pj-i ejl«Ul) (_£*&■> 1 V ajlOl .OiL^a ll*alj j ajl-Ul (^Ijb 45^ 0 .»-jjIa^) A_^a- ‘ 7 ^ 7 ! J o a 

.ijb ji j Oj yt> <j 

W ds . 

~ dt~ 

£jjj—*p 4_j jl J-^y Ij J l -A« ojl-Lj! .p ■■■ ’ • ^ (_y« J-S'Lj 4 jlj-Jl J X -C a J J £-~la ojlj—il y—yl Ojl—&> J_) (Lawl jA 

4_, ojlji—j! j; A a c/iA jl .oil^ *_,A JSS L op^ ajlxl C~i> |rfr/dr| = |r| = i = |v| =v 

y** ji i^ljb J£Aa Ji' Ji'Lr!^ • j** b r j* ^' 72 ^ J e d|r|/ dt = dr/dt = r 

L_i 4_j ^_J_A Jj^A J J-Ji Jil -o 1( *-AA j~*J (^jlj^AUJ J £ju jjljlfi j- jy LiJ'i y~~>)i J »ij> CjjtiZ* *>lal£ 
.JLjUJ (_5j£ij ^jj£j ji Ij j (_^jIa(_ gl^ Z .<» 5 4 A ja 1 <^1*41-1J jA <ll» (JUaUJ (_J jS jl£> L *S ijA^j* ^rr^y 

jjj l> J V i V JliU (_$LaaL*j J >\— J jl .a <*0y V JAjL« 4_*Jj jA L ^ a> " j-XylS 4 l# ?aL-i ^1^ 

J V ^1 jIa 4JL_-^j Ij A jA ojA C-P j-- J ^yy Y-0 ^jSCjl 4j 4 jIa^j 4^j (1)1 4j Ot y» jl 

jsr*j J-- jlijJ A/ jloj Oil jA 4S- vO—*1 £tjf\j .pykiy v' jl'ijJ io^iy I j A jA OjA OP j—> 

|_J y - V = Av |*-JlJ jI y\x> 4JLiL A' doL jA O *J~> L y\y JbL Av yJ>Z (,Jjby) eJ%U A jA V 

jA yA .A jIa V C ..$-■>- j;-;*j j-J j V (JjJa) a jl J—jl Ol_^_j*J 4—, Av I-* jbjJ 4w y yjj. 

jb y i_^j (j XA* L*4.^3L5>«0La 


y\ y yj la.^ jO* I iboi ojljjl .JLiU^ya Av aI-OI jA 45- C- »l Av/A t y\y A _J A ( j ; j ejA (_^j Jz^yZ* K^jlzJ 

jl J L. Oj 4 j ajA i_^j H(_gl<la>d i^jIzJi 4JjL*J ( J~» jA^a O-w-< 4 j ^ybj 4j-^»li 4S^ . C- .il A/ ^4--— Ai Av a jldl L 

: u~i f* ‘r’ 1 ^ (-5-^“ 


,. Av 
a = hm— 
At 

A(->0 





'-kj~ 


(T-0) 

J-r* dv <_y 4 — 4 —; Av ‘■sft/* >-^i- 5 > <» _> s-L tSb-jS" A/ ^L j aJL»U aSLI&a 

Cw-I £W*lj V C~f>- j~*J J V ojl-Dl J~JU y\ J y^L* 4 & V_jLi a Aj OwJ J JlS y 

*£ o-^aLL Jb- j* aj LI . jl ji i j-o-c- aJ C—-I jy^» y yl** aJ JaaJI tOS y- ji oj i i_5L t_jLi c~f=r aS 

.JjIj bLl jS^ Aj j J_^*P (^lAiJj* 4(_jLi 



£*S j> ^amSKJ 

£~Sj>- J~~j> tfjj y el_jaJj *]qZ A- C ~*Ay jl ji aS tXb <ob OLD Y-l JSw ji 4 _jLi jSLi elj 

** ‘ LiL it/* *frj* ojJ jr~> J> u r'L-'* C-p^- jb^ <X> (^Ljb y jA j\ «X y> <^tj! -o .c—I «^j / ^j »ji 

J~‘ 9 ^’" <_r^ t^* 14 (*—j OP^- ^Ujb^ jjil tCoDL ,_^Ij>Jj *iaZ j\ £\ Jb- .jj jL V=r aLIj L 

y yL* aS a = v xJ.ly. V L0, ^Ujb^ ^vDPj- ^Ljb^ JLL (hodograph) U/^fjiyt \/\ aS aJy 

J^j-i '-; c—I (^l<L>lj OUa tC-pj— L t_jLi *]*j\j aS iyi-y Aiis-*>l. ^1 _^L .jloa 4_il^jj_jA t y.>o. 




^-r- 1 LSjZi* OZjj\ CwO t^l y £>\yy Y-0 JSLi jj V Op jb^ j r C-oj* jb^ JiJL« ^JLa jL 

Jj 44_jLi J CP r Jj jb^j SL jlL L jl^5 e iliu-l ijy J&i J\£~.\ yjc* j* aj C-..L L jbj <, 

<3*—~ 4 ij**^ OLa i l yj\ji .ijSy ^Lui bjb^ jl (_j yS j -.--* tl^ji C->«J aS^ o jLil ^yLlji Aj C -I l>wl 

l r*y ->* il^'y Ln* -*j? *j LaL>- A5Ljb jh-JjJ> ijy ji .JLiL^ ^J15L.I j\ <£jS 

.£>yly <r*y jj y by$\ j C~-l #A«I C C— yj j\ 

ol—*a2>«* 4(jjjljb’ OLsD .ijb i>>-j I_iks^« oLai^. A** ( A>ua ji JasJI J^a OS’^>- jL ^y 

C — 1 Ui 1 *yi <^-jA J^~i\i oLaiL. ol^o,j A- ^t ^jy jl AS yAji y m juy . l yieH oLiD j ^L* j <3iy>* 



f V Ja?J! 05”^>- Y-T 


L j C-^S*il>*jl o4 j ^ V y*-x* e- jU*wI ^jI .Sy+j <^l>wul Ij i_..*>ll4 C1 ^L a1> »^o oI^JLaO JbL aJLL-w* jjb a5T 

.JLii J* ^ J oJLJj AjIjI (ljLs Z>%j» .i O- jl c-^o (j yS\ ^j+Si^a y*?*-' 4-)jL-~»* oJLi cota Ol^-^Aipl 

(X-y) ^ ji jlT oLgujPua T-f 

^_»l_j iJ~. .irL oJ-i L jI>»jI jbi~—« L_jli*i y jx y> *£ i_f*^\j* j J ‘y.j *■; oU«ai>«> el^i*<o ^1 

i-jL-i _J CUPj - ijlX* jbj-j y J JC L 5l>4_«i ]y ,^jb y !_~S y L *JLaL>- Ja>JI OS’ y- ^jjl jJ 

■"/(/ Cr-r^ 



! --■ j - bJ_>** Y-0 ^LSs_0 j! eji O- 


-jvc^ 


»ij> jl iy .c—-I »-Ui o^b jLiJ y j X{£\j*jy*A 


jJ 1$—>1 y J X(_jb>4 t\y o ''■ y-& 4j J—i Y— Y* ji *& j^JajLoJk toji 

Ob^i.#- 4 J j W—(_£l_* o£_oS * —> .C—*1 »J_Ji o.sb yj} »i Y—V 

=ui'^ y J ■* cS u ^ Ji b a J v ‘ r ^j^y. 


O'-Y) JSLi 


r = ,d + x| 
v = r = ii+ yj 
a = v = r = icf+ yj j 


(Y-*\) 


j-*—# l$—1 1 (3«—‘-J—o-jU oU j o .~.—i jLiilJi*! j*_* j (*-* J j i c-I p <j *S j_j-i^ 

Jj 4_S j^k;L*jh) a y =v y = y,a x = v x =x j v y =y,v x = jt jl JCJjU a j v ^Ia-uJ^ ^JISL-I .ii 

.(c—'I { J*~> (J2-A* X y*->_ iXiXjy X C~f>- flj ‘■ 5 J^(_f 4 J^i 

^ C—-<1 J 15 J ei J J . jy~ * y. (j - ^* i ^-~ e, y oJaUL* ^Lj 

v 2 -v\ +vl ,v = Jv x +v 2 , tan 0 = — ^ ' 

V U JT 

a 2 =al + a 2 ,a = Ja 2 +a 2 

* —S' jb o'—j—r^-* j j<_j« j—i iSj~$ 0 ,^^ 1 —<jL 0.4 ■>• v j jt ,>-<^0 0/1 

. rfy/rfx = tan 9 = v y /v x 

*—> ^JJ—0 jji' 4 X =/t (t) jX=f\ (t) 4-U-ilj obj >—- —> - J- i ~~-* o_^aj ^1-lS y y j X oUai^ 

b V J y ‘ X U-'"' bj' V-S ij u-^* *—i c—b rj HJ J> 4__S y Ij obj jl jloi. ^A ^Ijl 

- - ?- j-j ciy j a^L-i ^Ia-uJj^ .j-SUJL L a j y,x j^u j jl j xtzy 





Olji l-^jl o .1 _ J-4J9 f A 


J X — f\ (t) jl—; j Vy j l) x Jji jl— ; I jl—j 4—1 O-—— i jL; j_*> l_< t-U — tb ^a>«Oo jUj 

.xi _LaI y _y =f(x) j* —* 4 J. 1 l*** <.y(0 j MO M>L*j b . 77 *>oi >> = / T (t) 

oU-ais^. ——S'^ jl OjLp tjijJjlS 1 oUaxo Jjjt jl OS'^ jU 45" xl^ ^ ^o>- o-iiS 1 <5" L# i>« jl 

.Ol y j X .llX»l j7 j7 jb*^*J» ia>Jl ^ .a;....4 i * .S '^»- 


laxly 


aJj! C.-^ 9 ^ -*—l*4jb^j 0*5 y 4 J X — i^-Loj ji liwlo iSjy j' (_^i 

•— — “- s ’ y^o* o*J~* J ai j—^ jl J^-y j R cAyJC j O-jll* jl 

j* y*r o£(Jc^j o>U<9 ^11» .o» ^ _,laj j3 OjU jljj,y* I j —>1— aS" o—I x ,j—j ^Ja— jl IaajLJjj 


!jl XjjLp — >1— ( _5l»4jjJ y Y—A jjS3j3 b .3^» Xfcl ^s~ JLuLa ^ 

a x =0 a y = -g 


mIS - ol 


*&=&. 


<■*-. /r l g 

ii 0 sin 0 ^ 1 




r-A jsbi, 


'y.jSu* *^r> 4|^s*il3 c~»b‘ —>L— Y-Ya^ji>w jl 4^ J-l» Vb ^l^l— jl ^^Jl^^il L 

^=(uj 0 * «> =( y >I"*' 

^=^o+(^) 0 ? * y=yo+ky\t-\&t 2 
v2 y=( v yt- 2 8(y-y<>) 


oJl— >■ (_jl j—i .3j—> eJ l' i ««— , Ij j4 0*) j4 ji S/j**** 4^ o-l aJjI Jaul^Ji oXa: jl— yue ( j— Jbl *i/b OjLp ji 

.ol oJLi <3£ Ja> J* jloi. g jlJli. *S JOtL oib 4 ^y .0—1 Xq = >»o = 0 oJLi Dili jlo 

/ jUj e-i.i>- L .jx— ^jj£u jl Ji z —»y j x ol^ y~ 4 J 0 — ^1 ia^l yi> *£ oJlaLL* jl y^ 

iSjjT -* .(ij-i <*^*"1 j* Y—"V Ajjaj 41;—• 4j) XAl_p- i-Sb jJS— (_JjUa4 OS "4 j’ J O^/ibco 

e3jjl O—Jj Ij y J JCOlS^ y- y~y J Ja> J'i y-> lj C—I (JlX» OP y b Ul» 45" IjA O-jliU 

.xi^ j£i* <-^y jr~* ySy j 

<J~*- 07 *j j' J o e-y 4S" J o—l Ja> 7jy tAly jJi OS 'y aSLs&j* 

4 —*3^ ^-laJ j3 JjL> ,_J^A 07*j 0ljj3 j ^Ifcjl b IjA Ol yJu j ^biJjl b g Ol yJu 44jU^ J5Li ;0— I 

O. s-.lL-i o^3l_^ jl 6j$ Jli/xl J o2yj iXu ( _5lAii>-'jb» (Jjlj *-! Ij O^^>- oVibw ^1 jp jjjl .Jb y 

.0—1 (^IjJl |^3^P Cjjyff 






oLsupc* Y-f 


y — ^ 4j^oJ ^y^y^gQ 



v x - -30 m/s / a x = -16 m/s 2 


}> = ^ * ' — it jU,= 0* — M/Ja-ijj (jleji Ja>JI ( _ # X?Oa OS’_p- 

j —j / j i — >- ^ jj> > — J»- Ur d)l J'J aS - a -Li i—L^aJ 

. X = ° i t — ° A—% |« ■>«-*-* . 4—>lj 

‘ J —Jc^* y = ° C ~- ^ .T* 4 —^ -> f-J 

.-UiS^ lj <_'b*i J Op j— 1 * 


f X 4—h}jA J l) x Ojl—«P jl jS ^-X pi ., l a7>«A */J^ 

20 -- -f- - 

t J 5 a / : cri -k^ c ~"k v x j' 6jSck^> L ^b*i 

°0 20 40 ^ 60 80 

x, m 

[j£fct = ju,rf/] J o dx = J o (50-16/)rf/ * = 50/-8/ 2 m 

/ / [a =t)_] a. =-(50-16/) a. =-16 m/s 2 

t r dt 

v x = -30 m/s / / a x = -16 m/s 2 y / :jl XJjLp <_jb*i j OPj-* (jU-ot)^ 

(0= 53 lVr ~f . 

' / U^_lJ« y ==-8m/s 2 Vy=y\ V y =-(l00-41 2 ) V y =Stm/S 

| / a = 17.89 m/s 2 " 

]/ __ itv=-40m/s k=uj a y =—(-8/) a y =-8m/s 2 

_t^OOm*_ ^ 

^ *£ i$jr~* ^ J y L> ■* J <w»l>«A t jj jIa» lj y j X 

.Jbl O—Jb toJLi eib jLb 

. t - 0 s :a £ y j a £ y o =\" — it tJLil y = o *$ y y 

^jb jUj j\ ^1 ,j\jj 

v x = 50 - 16(5) = - 30 m/s 
Vy = - 8(5) = - 40 m/s 

v = y/(- 30) 2 +(-40) 2 =50 m/s 

a = yl(-l6) 2 +(-S) 2 =17.89 m/s 2 

■ O —««il y — 0 (jl jJ 4_S^ Jjle.A , ,.t 'J (_^lAjb_^*j ji A<]oAj (_j !j i_jb4 J OP 

^\yy ^\y, 

v = -30i-40j m/s ^j\y 

a = -16i - 8j m/s 2 v_jl y 






J uJLo 


ofMsh 4ap <0 .,ui by /imA f! (juUjt t^jtuSi yl)/J Ul ./i!6 yfhiiAjb jj_b f iZmi! /JJIW ^ (jjjUui u a/jfcOa 

•>/W /&»* (jfoul jl gyti j) (jlnilpt t^jhit alSjLb <tff—6 (JluSi )! .) y l) jjuuuut (jCaJI (Jil> (gyu 0/ (gllilpA 

T —P AjyoS aILumo 

4 b*’ jri' J* y*y J ^ u^-J^ (*UJl jl ( jS\J 

—43I oil—* O'Sj^} jl i y .XiL^ jil 4 j c. ....... J 9 <jjlj L j u^l^ 

^L-ijjl ^^-jljil 4j B^OJu ji j aili <utal iy jl Jjj 4 j VL l_j^k 4j 

J C—-X B *_> A jl jj-jt jl—«j j s 1 ,JaAjj -U .jy h sy 

gk -~ * ir—^j o* J* ‘ C-iL~« ,j\y .x£ I j j~~j> <iliL>w 

iSj—*r c-«jU« <>j^j* jl yy>yA OjU Jii cyLi j tiy 

.JU* 





ailioJ ijy* X-yjjyJ6 oUalaO tOOA (J>j~S’ J ( _ # A»l OLoiO y OS'^U-uJ^Uj j y . J>. 

L* ■ la - s ^ 1 (*-£-* CSy ji <-~Sy C^y ys! j a y = - g jCl x = o y O^jli. jl ji^ ^kij-» l .i jl y O 

[dx = v x dt\ x = j‘ o ucos9dt x = utcos9 

[dv y = a y dt\ J”' nfl dv y = J^(- g)dt v y =i/sin0 — gt 

[dy = v y dt] y = J^(wsin 9 -gt)dt y-uts\n9-~gt 2 

L u sin 9-gt= o ^ cJLiL^ 1 ^= 0 ^ o-l jijB o-*S^ 


C— y <kjlj y tj l^i» ,^jl j^jU- Jj^k jl jl (jijljil jS'U 


wsin0 | . 1 f «sin0 ) w 2 sin 2 0 


h = u\ - sin 9 — g\ 

[8 2 I 


{ « sins') fu 2 

- COS 0 s= — 

8 J 


0 e^j .^ ^yidl C-^Lw4 


‘- 1 —i't/ 4 o—X y j ^ ^Ij 4^ k—jj ^Sy <JiUa .0—1 9= 10° ^Ijl y s *S 0-1 jlSLtl j 




M Oi'yp V-f u i^iu 



jLiJ lj J5Li jAk* ^15 <-& ^1 0 

JuAa olSo 

.iZmvI c/Jj/f'UtijOy (S9& i^utyULt }\ (Jy/f'/£tl9 /jfi U Juifi cJImmc (jjl ‘J^/m/'I69! 0 

.//Ic/mj 6)ly t 9 S dj -bfi/A (jLb/l/ji* /jJ/J ?) <(_§#/ gfeu/ iS^k }l c/m/ <~JAmj <t)p/{ Qj/I p9H 0^9 )/>. ^*i/b a ^9' © 

tiluMt iSJ/90 (jjI /) <d'))j'' jMmmc Lt>dJ)Uc jl (S/S'JI/&I /I (Ji? dLMujbfji <Jue-/jjj <0 t^jliw ^uj)9 ,iZmS/I) )9&9 }S 96 lLmc 9UU /ff 0 





- (“3^ J-aS &V 


- JV C 




i; aJU 


9vJlw»l jAA^ <ijL-*»^4 X 1j t “ Y S 

^L-j jl jl5^<w 6JU* ia —jj £ J^y} <xla3 Y-"W* 

OPj—- J-jlOs- V’'—Oi 0^*j cSJJ cA) 15 ^* 

cS-JJ jl B <J jj Jj-’b-* jljjl 4jJa> tj JLil; jJL«>- l>o i^jV ^yiil 

ji S 4-JL—»li Lj *_S lj Ajdai ijy -jj ( J»t* j^On^A ?ijj^{ 0^ 

t>„ = VU m/s j s = Y/i<\ m 



r-tr <juo. jsli, 

ji jl jl L# -i>U ^ ^jlsO* jW““ ^*£*1 ji /* »ji Y—*\i 

»J—i oil—■ .xS^ <iSjp~ iO-l o-»-i »ib jLil JSLi 

jJ ^ o-Li oili s = t Vi -dajlj l> jl* —p- jj jLJ. iljl*l ji 

j j4 o_j*j j* j$ t = Y/ • • s ji * ji .o>l 4jjlj jj / 0 1 

oji fl av l a . .*jl* i—>ll— .i jli jljifl 0-*Jj> ji / = Y/Y• S ji 

<j I j v_jli—i ^jji^^A . Jj jjl o—*J j B j A ^Lj, >..»-< j* lj /* 

• J*Ai jLb J j 1 <^j ^Ujbjj jl oilil—I lj a av jbjj Ojj—» 



r-f-f <U— JSLi 


JjLuwuO 

jl 0-1 £jk» IjA ji 4 jL jj OS'jS- AS jj j JJl—. ji) 
jl _j jjj^ jSS jl i—stAj- <Sol j^» .oiS jlaiij—» Ija o-jll* 
(ijji .iUolg = rY/Y ft/sec 2 \jg = VA\ m/s 2 jjili* 

^JloJuLo JJLmuo 

O—S" j>- x-y oJl*o j* i£ ji y jb y. Y-M 

•J-il^ Y/Vli - r/YAj m jjljj / = Y7V S ji xS^ 
ojj—O jl V.-. .*-> y. jb j_j t = r AY s *-J^l ji 

j-y i j_ji L—ji* Oj- ji ji* .oj^ ji Y/v<\i - r/rrj m 
jc jj —>%a L< op y** ^1 *£ lj 9 o jl j jo** j *ii>J ji ^1 

.Jjjjl o—i o iJjb-^ 

v = YAY m/s j 0 = -0 V° i_jI j^ 




» ji ^ cS' 4 ^ ^ 


- Y-"\* 


ji j iJ_J oib li +0j m/S <-lajlj J a-~iy t = 1 S 4_la>J ji 

.j-J^y ji l/fi+o/ij m/s ojj_o <, oPj- j,\t = 1/1 s 

<—>L—»- */l S ^1—«j «jL lj a ji la-jjl* I_jlljii I a j|j it 

o^*Jj j-_» ijU^ x jy** I* i-jlii jjjI <S lj 9 <ojlj toijS 

•W 

J^S^oSj>-^ oxijja ji ^S ^l*ji op j^< Y—AY 
sib VUi + YVYlj rn/s <J»jlj !>_-jj" t = Y’AO S A&>J y 

■la ..j jj Jju •/• Y S OJ* ji sji ^jjl Ja^>jl* i_j|l»i i~..^ I o_Li 

jlij_) C--I jlk* . 0-1 oJLl ^^slO. ii + lj m/s 2 a]oj\j 

jlij— 0 *jjlj ( jO>«^A j / = Y'AV S *ii>J ji sji Op j— 
. t = rnv S ji Op j— jbjj jJa-ji. V L-S 
v-vy . i + r/nj m/s j 0 = yva° ^i j^ 

j O--I ia —>JI LS -X>X» O—Sja- ji ^bji Y—AY 

J X = Yt — it la—;ljj L; jO^^^L* ^ jl OL—OO 

--a- j— jf jl*j L aS 0-1 *J-S ( j*aaUL. J = H T -—T 



&T J5L^> V-f 


oJ <ob ijl_ JLi dY-W 

a—* bl i^—>• CJ>aj ji C-*>-j>— jj-b j ®«X— ^U; 

\ • • • km/h o, ..*<.5y I eSL-i op^ ^1 .jl-a^^ 

a— tj-1- --*j jlabl* aS" lj ^^pIajjI (»L—li 

jljj-r{ OX-- ji Ji5 s^Li s^L-^ ‘-b^<_<* o^ 

.jLib^ <\/n m/s 2 

t> = 1000 km/h 

/ 



r-fA <01— JO 

jlOjjj SL G {j*r £y Y-^ 

C-Pj- i t», <Ay .XZy J» lj JO ji »Xl «ib jliJ 

'•yj-i Ji —“* -bibi lj 0 <jjlj J (*j15 Oti-e ji yj, 
G fj-Pr jSy Lj ij—\£ jjL>) sjSo A jl c—jj 

gS i Sjj j 1 ^—-P ‘J*y yji y?~ ■>* 

v. = ®/< i m/s j 0 = *U/v° ^i^ 



r-M <o— jo 


Ja >JI l5 _j>>j« 4 C—S*_y oL^ai>«^ Y—*\0 

j ^1—4 y J* a£ o»l— o^b y = it —Vt jb^j Ja— 

^li_— x (^b—lj j* .c^—I aJU i—**->• f 

^Ll.— lj ji C-p^—— .^jb d x = \Yf m/s o j j a> 

V tC*P^— ^jotiL* (JL— Ij 1 Ill/s ^jI/ = ° <da>J ji X 

j* j* h a jv v^L^- r = ^ s <ii>J lj oji a ^Li 
.x jL— 

v = Wto m/s j a = Y"VA m/s 2 v l 


>- JC-y <L>^<9 j j L 


-I o 


1 «ab r = 


[ — t r -f T B H-j Oajlj l) jlS’ 

l r V ; u • • ‘ 


Cni s.tJs* s-—*" ^ r jl jj ^ 

j/=Ts (cJ_II) <i_Ol£jt lj a _i j v c-Pj_- 

.x* I f = rsU 

—«*l opj .« L> S~j Y—“\V 

j-*p <—«l y Vy .j j A ,jijj <kii <0 \ • m/s 

jj oJ—i oilj jl—U y 1 j-i, j\S\ Oi>J jj jl Jii jS ^y c~Pj~» 
J-2 &y* jt*- ‘ h • J r 5 ' jc" b J^ 

fc—i jJir j 1 

v y = r/'\Am/s j/i=*A<\«m ^i_^ 


> * 


r-?Y <ii— jo 






B j V ^ L, JSLJt J.LL. Y-VT 

(JjLk* *»—JjJ i-£-j J_j>- b jl y jj *j o.., I 

j3 j Cl ajlx_jl <i —l— «ji *j i^yiil X Xl it; .33£^ 
Jt*j £\ ‘ h £Uljl O—jllxa .0*:^ JC 0$»- 

* r j* »ji v’^*' Ji Jdj J 5 C—.ji 

.C-i^ jJ g L ^1^ j Oil lj y 


/i = -^—sin^f cos0 + —sin0 | —1*.- 

fl I fl J 



l I 
\ I 
\ I 


r-yr <n— jsLi 


oJj*- ji U «-Jjl ^ X_J C-B Y-Vi 

l*-»ij^l— 1 • /? ij—1L 0=lo° —U^a <_u 

XjL»J —■— lj jS’L* 3jl ^X>oa .Xl JLkl yf- 

<•—» ls« j3 jC«Lj *jji I 0*<jL_iL« !jSj *—>oj ^ji\ *£ xJ 
.(jjj jLJ^> £ ol—I 


M £j j—>- OP j~i ^plx- <O.L>« X_-I — j\]n.A Y-VO 

j ^ < 1 a* . <j~ii ^ ^ kin <l—li L> j j-1 i_£JLl xL 

,xl«— I j B ■ _i jla 

« = fir m/s —i^ 



-o-V-’ _ (OjO J^S 


y 4_iJ_y« j aJ j—J OS^a- X-y oJl*o j 3 (_jlajj Y-V • 
jl j3 <-5 O—l a J—1 Vy= At -dxlj L ji OP 

•O—<1 4_JU l_.—->• J—; jl_a j j <JU ^ t—~9- ^ OP 

■la— *y xJtt jjX>*- J —; Jja —J- J> X .ilXal j 3 ajj O 


■XlL^ oil L--J- ^ t <£Jl>- jJ aXi £ jL a x = it *Jajlj 

O t = o jx = o 1 y=Tm ,C—-I / = o <5L.lSc> 

jJ lj ejj V OP —» jlxia j t3 jS lx— I j aji OS'^ a 

-1-rflri OIA m *j jl X Oai»i* *S y 


<S Jo- A «1a , < U ^^-Sil OPj— Jilx«- Y-V\ 

xlL ^,1 jJi>- ‘Xi^ —tja A <Li jl I^j| 


?X? jj-P B £jLa jl 0 -»ji Jo. 

M = YA/» m/s — lj^- 



r-Y1 <11—JSLi 


jl <—ijJo j 0 *JI—O I j .4 <k£) n^jjj Y-VY 

4 _J B daL j A <ki j-j 6 aJL»li .xS'^ JLLi JSLl J.lka 

jyLi Op. xxJ o-l^a lj .Jyr 0 . 1—1 jl ^ <Jjl? 


.xlL^ A* • m/s 



——12 km- 

r-VH <11— JSL i 


r-yr < 11 — jsla 





^JjL-wo V—'f 



^ jIa- <—jI 0 <j jlj aa- >o iOJjIi v a — ^ 1 m/s 

J-*~* oijr^-L^y o J J eJ ^ jo?* o' o' “o'oe^ ^ y. t r , ^ w • ^ 
1 j a c_»jLJLi j «jl^_ji oL>w> oljJI jl ?J —>\ ijji o' 

^.'(^ J 0> ^ 0 J cf’TO^- v' • J r s ’ 

0 = o • /v° j • /AT"fl m 4 B Cwdj >—i<_ii ja- 


4_j Ij !_ / ■“• J , *■ * J <-£-j *—% U-jI y* oM^" X—A* 

O—S’ja- JL>- jJ -L-*l ^u» J-^>- jji Xoa* 

_—j J~- <> ll XS La j v_—»L* <la>J ji I j yy,'j» <X~~> 

4_j C- : —J) jU^ 1 Oji «Ojlj i«£~j Oi J> Uj <la»J ji .OiLM 

iJUP j—*< Lj L<.«iIj—^ V J. .ili OjLj jJ— 4A* (J_ll Ja_A L (i—sJa 

.oxS^^* j\jjj <> {Sy* ^ o' j* ^'' km/h 



Y- A* < 11 —JSL& 


Jj"" 0 <ij'j j w o^p j— L j^£J' r-'A 
.O—O Ji ^J—A jZXa »jji JjUl OjIa«As« jjjJ <J A *h*J jl 

L~pI—; <S 0_ili^* E C-^a- ji CjI xm L* ^^Jl o'v 

_Lj L&iy <auLj» <j *S j y*(j* <^\-t-’Jy^\ 

eE/tn 6jlj_jl 4_; £ c.$a- ji i_jL«i L-pL o'-V* 

.XiL^ oi fj^r W j Oj j^£" jL sy^nj* '-f'Oj^' 

jl J_xjl1^ i_j^£JI ■*_S’ J y~ju 'j fi’o'-V* (_gj jZ 

•■" ■ . -. -1 j ^- > lj 5 jl J—L* «‘«>i»»A .0 X .S j^_*p OjIaoLsA la.^j 

•Odjj' 



0^11- 


r-Yf <J^. JSLi 

^ •»• km/h ^1 c-p^— I A <ki jj ^1 j Y-W 
j?l .ii J *'—*o cSo^~“ (^'^■^'o* jl A* • m ^LiJjl jj 
^^Jil cjb—S J «o:l-j* ^Lj Jii\ cJU- *J O-S’lj fjjjJ 

(jjl jIJUjI <» C.~ : _ I 0 Jui <jjlj (OjLJ l j t * lj O' lj * /Qg 

.XS C-jU>I ' ?Ja *u oS-|j ^S OoS* i iL. a- oUa- Ij 

0 =U/H° ujI, j> 



i_jl oO-a^ j* -O-jIj^ 0 = i ,a <jjlj j Vo = \i m/s 

C—*1>W» CjI J>\ jl .JXS i_jL-A- ijljji B <kuu <j Ij 


JeuAjoP jljji 







jl V 0 = Y 0 m/s C-^j 1 j <sUj\3j> Y— A£ 

?!(-SLi-i ® m ^Uj jl I* jijAlj 

jj-\j 4 jIj^j l? -XJ^ ij+fAJ (Jjjb L> 0 Ajjlj j /? 

.•US^ Ij j u-aiL* L 

^ v 0 = 25 m/s 

5 m 

L 

A 

r-Af <11— JSLi 



-*»' jj^ *i 'j ‘t5-iW cr^ 9 j^' 


jl k_Jj_j jS’j^ <S" X^ j (Jjjb Ij l> OP j— i(0 = o) XS’ 

5 4-JLali ,x_LJ j^p <jy* ’A jy </VL '°* nun 

w>L-J- Ij (JjL ^.j j^jj yjj ijyt-y U ^b jl 

.J^S Jausj*# ^y cA 9 "^? j^l j I>* o*jliu jl 
v = Y\/Y m/s j j = r/oom v lj>. 


e 



r- A6 <11— JSLi 


- L, Ij ^Jjj Y-AO <Jx_. jL^xJ J\ Y-Al 


<b<»li iO"^***-* -i^S uL> I j ^Jb Li <_j jj £j»j\h (_50j*P 
Ij xjS - ^ ijy-^-y. <J jL-* O-r^j ^y yM- ^ ^b j ' s 


—jljb jl .x^ < 


.XiS - jlkJj~e> 


Oj jjs l£jjli xLo jl *Jjl^ y>- Op j— Y—AV 

jlj_i* jj .j—iL^ u = 1 • • m/s Ojb jlj-» A i U;~. y *£ 

B uiXjk X *£ jb Xkl y>- Ij jl£«l y\ *J jl^ X *£ I j 0 Xjlj 
•X^ Oi" XjL»l • c5jj 
0, = YW j 0 Y = A*A° ^1^ 


*—,A xiail jl ^L, jl JL~ oJai Y-AY 

y-yj <—; 5 <dax ji -L*j xjli T/0 j oXl i_^ylil Ojj—» 
jlxi. .Jjl—Ij 0*° <jjlj Jil LAB Ja>- •XS'^ Jj_p^ 

.Xi5^ <Lw^L>t4 I j i_^0 U<Jjl Op j ~* 

u=\Hl\ m/s ^ 1 ^ 



t^l j-> Ij OjUi« j« — — jj >J L .~ u jL c^j Y—AY 
^ijLajl «oJ—i »jb ijl—lL O-jJjl (OJL_* <u ^jj ^L^ 

J 0= A 0 I-; U = 1Y m/s (lJ_II) :jl_ 

t 0L-*j t o3L^- jj ^1 y . 0 = IY° L U. = H m/s (^>) 

jJ >—>J-J /l f^-hj jl J L(J—* <; k_J y 0X~“J c$ljJ ^j*^ 
.X^ J —j I j OXk <U OX—j 



l*—At* < U »i» J5yii 

x . 1*0li jl Ij k_jjj jjb Xa3 JLjj^jjL Y—AY 1 

4 aax vj ; x r. rn/s y\y jl /i .xs- j? 1l5> u r. 
c #—° J p ^j;—■* V-^ ^ b ® x jl j Jilx>- 

•(o—I m = tan0 x5 r^Loklj) xS - j j^p ,jllj j3 

0=U/<\>° ^1^ 



r-Ar <ii— jsli 



&V J5L-0 V-T 


ji Ij - *-> i ■ - ..«l ( J_*J 4—’I—^ jl—J »-£-J Y —A * 

.J—.S - ^ u = U m/s 4 _Jjl Ljy4 C~—S^ 

4_j ■ ., ..*1 ,J—*j *£ JLiS^ Ck?* ■' 0^7 Ij 6 4—<lljJ <jjlj •■ s J*l 9 '-* 

.jlS' ^Y’o* mm 



t-_<\. <ii— jSLi 


toJLJJtS' uLj’jj *S (jl^JaAj /l C — ijilx« 1—W 

ji ^ ' l_j JU^ 4 —— ,1. ^Ij&fl j1 j- I j JL i . -' \j 

j—-* l—) i_j yJj . $j\Ji ^ y iy°y a ^ ,A 

.i y^tS «-->tjJ i • m/s 

ft-\/YYVm v^lyr 



r-*\ 1 <11— JSLi, 


C—»u 4 ( JS> i j -j oJ —m ojij qL..Li c .... JL^ SC— i Y-AY 

V Q A >- l i .JjIj Ij i_j j i^j[jji Ji—oi 0 — 0*jj\j 

4_iL»- la ,*j j! * j j j L> i j ^j\jjj ^U~Aj <*~>y 

Y-bL: jjs. 




r-AY <11— JSL1, 


jl 9 Jl—>■ j 9 Ij jl Y—AA 

J—p-lj A *iaAj jl ^>y 4j£j 4 _jIj^j iS^y. 

Y'* 0 J_»l il-uul L_j <J_jl o*j~< jIj<> jlj _^l .JUiw> <«*>■ 
4_^ ^j—J Oli^ Ij tl, 4-jtJ^ iXiL ^_^1— 

.JiLj ou|- JjMj V k_jjj 



r-AA < 11 — JSLi 


jl U a jl J—il <; L L»4_^>-L^ (jjllx* Y—AA 

v* mm <o (_$l» j&- J>-Ij 4 «JLi £jl>- ^y**! c$l,/>■• Ojj J 

l—la- Ia*_»j^L~» * _ S JjS ,j—j Oll^ Ij u .Xsi\ Lf * 

~-**j J jl c5*^" 'l a dlj^' o^li jl— jJ 9 ”^ 

.JL^ »jli—I 



F-AA <11— JSLi 









jlj k^^Jo A jl D 0 d. pL jl-ull^ Y—40 

l—* jl«l;« ■ » » ^da— (_$jj R iy *S -LlS” <£jj^ lj 9 k^JLi 

<fcO° lj £i;LJ j^-wjS’b «(° ° — £Z — 4*°) Ct 4jjlj 

>jjia =° jr.° 

4*° +0! 

0 =—-— j 9 = Lo° <V° AV/o 0 ^Ijsf 



i i a <!jL« j— i^lla* 4 V-W 

SJui. (j\j\jj ji u jL-^i op^— L» *S ^\*j\j y 

•ala jlj—i m = tan 9 jlJUu J~~» <hlu _,j r^Lialj) ji^ 

jl wit j m\ 4 —JLij jj ..oiL^ k-jLJ^ *-ij!j « 0 jl _p *S 
ji — 4 ji t^lj-; lj k_jl—4jjlj t<L^b- 

jl y-~~* jj j—* *S oJ,Utf X*l^ ji ob Ot-JtJ 

<J-~* j*—* ij jJ .£>jj£ < j» A *iaij 

l_j* C-*jli* jl .(j yj J-*l y- J— yy C—. — *j A *]a£j iX^ 

.x£ ^ji kOll Ij g i»iy* 


y 



J r. • km/h ^ L, ^ ^l—l y jU^ r-4r 

I—fcj A c~«jy Jj I j (_$l41*«j t c—<1 j _yu« Jb- Jj L0° 4jjlj 

4_k«j Lj j j — J U j <koj jl I j f jbj j s Ji»\ oil — « .xS’ c5 4 

4-~^L>x4 <J 4JQj OjL^I 

$=\/*nkm jt=\v/v os ^l^ 



r-*»r <n— jsLi. 


jl—«j jj ‘ t y'^Lj—•* ^r^bjl jJ ► Y—4£ 

4—j jl j j U e 4__Jjl .jj-1^4 kiLLi JL~, (J^“b <o t = o 

JL—' J~4jl—L* jl k_jL-i 9 Jil *j C-—J kiLLi 

k jl Ji <S a JLj ao = -kv ojl_^ L *Sjl£ tfjj 
y jx ^U4^iJ.c—»l JL- ji *Sj£ v j c-L l jj* 

jL-*j jl ^LJ Ojj— 4» 4__, j ^r- (jl^ lj 

CT- 1 ^ ^L—- ^y. dj\S OP.O^ 1 jjjj*; 


^ j J j^ b jl 



r- 4 f < 11 — JSL 1 




5 oLalPvo Y -6 



r-^ JSLi 


(n-f) ^^Luo 3 uLuxo Y-A 

(iU—-JJ J* t#— tXi tr 5 ^ ^ jjlaJUA 

ji 0->l j?—a (^L* j^-* jl oilil—l tJasJl C-S y>- £is~j 

^jJ~ey Ol- o^a JjI .iyi^ jr~* ji * >y* J 

.l&_O ji^L. Ult j .ili «Jljl lj CXT^ jl cr * r i, 

Y-A JSL_i Ji <S jjkiL^A jlji olfc-l ijj- *5 c—I Jp**&A 

*j j B <j A jl ojS L OS’ jp- j~~* ilx«l jstjti oU^ o-IaLL* 

j-£t_»^Jp 4 _j 4— JLy ».fc IjlutJ*J ^tw ji n OX OfP- .0-1 43 J C 

> ~. ^ 3» tii ^(j* ®XkLi«» Y—A 4^ jj!ijL*-a .JLiL^y* j~—>■* (^LpuI 

J_io Jl j^-;i i,sj— 4 j (_5j~“ <-£j jl n o x c~fsp tX? j^*j Ixul 


UildwwJ j OC jjmJ 

«j j (^_j -LoJI Lf -^A cSj9- (^1 j» Y-Y’ ji *5 a ^-jLi j v opj~- £jj-U (j\ji I jtjn oUiw «j_y£l 

xjl »_a <lj f il j_l»I js Ci j n ilj—i»l ji c n 4 —S-o jbjj t jjlX (ji^ t5^ji *^b |*-aIj>- jl ji oiliol i j^» tXxi 

4_Jo>l» oji < 1)1—<j JlyLi J—W Jj-1p ji y^iy* <—i-JJ*j jji J> —• •• * jl A^laXi ji oji 0-*-Jj^« (^IjJ Y— ^ * 3 

P I—; O -x j-* jj-jl ji j-——• ^bpwl £t*Jl (j-ij^ jl»J ^ Ij .xS^« A # aj A jl ilx»l jj Ij (^L—(Ijii 

C ~ J ^ j*V 4_S^ 4—lop-*^ .c—-I (l)LilJ ~p- jl fi (1)1 ji 4^ 33j£ ds = P dp *S jvOj^y* ^ 0 >**La 

(_» JL-p- JL-p- ji 4—S' i ^.S” JL_aI y>- I y'VL-j jA j I t £l4jL*>- Ijj j .^jyy£j Jaj ji Ij A j A jj-j p J-~~iljij i Ol j^*j 

jlj-J^ (ijbj-; Xjjj_rf> 4— j CPj-4 (ilj— < J ^ = —= P~ ^ OPj- ojlxl i,jilj4Uj 


y=vc t - p$ e, 


(Y-V) 


__ 4 _s’ jjS - oJ- aUL* Y—o jl j xi a — d\ldt o jj~o 4 j Y—Y (jipu ji 10 ji a 

(_£_j i_jj_^rp JoL. J j„ ««< ^jjjlji jl siliol li j Y—V 4iajlj jl JIp- .Xili^y* V ilx«l oI^jjaJ yj j t jlXl oIj^-Aj o-UXfT 


a 


d\ 

dt 


'•piyfiy* iy~-* ^ C«-~4 V jl *jbjj t-SL ji ^15L.I 




(Y-A) 


JujUJ C C 4...) 3j» jl C“Y C a» » J 4j 



9 * 



r-i • jsli 



i-SLj iJ -io ij e, olj~*J te, ji^ I-U> (j\jj jl Uj J-iL^ JiJL* jljb e, <£o jb^ jl ji & 

(b) j£—< (Jjl—la 4 ,^S^ JjU»j cSy>~ Y-A *a J5Li JjUa A A' <> A jl oji ^j C*Sy>- iSj jl J^J 

I ej dfi — dfi J jk j*)ji i^bjljjl 4 j>- </c ( jb^> .ii ^ jIwLp jj dii (_gjb ji 4_3^b>-l 4 JjL^ j~Ju c', <l> c ( ^s 5 _y 

<^ e < il-tul J«<»U- jLilj 4_—^ 4 dfi 0 jLul 4 j e, a£» jb^ jJL?^jl aS’ ijb 


-ili ^1 y-dfi j> j! jv—i: jl. rfe, = e„ dp ^1 



^>- 4 ^* j-ti <j *£ ki^y c—x dzjdt = (dfi/dt)e n 4 dt ^ jl (*-—£ jl l 



(Y-M 


■' b - t/* J j jij °JJ~® 4 


i Y-A aJjIjw 4 U = p/3 <dajl j jl 0 j Y-^ j^b jl^j L 


a =—e. + i>e. 
P 


a n = — = p/3 2 = o/3 
P 


a = ■yjal~+af 


(Y-W 


:jl ji 4^ 




f>\ oLoI^m Y-& 


j \yj (jjla_J (jil_ jj *j>j\Z <Jajlj ^jI W . a, = v= - pfi + p$ *Z -db-%. jlji^ j 


Jj15 “V J «- i - i £Hej^ijA 

jlbJ C-J A' ji «ji aS' ^_^« I j v oa j— 


ys^-J^ av„ i* --j‘ rfv jl n 4_iJ_^> .JbLaJ^ y>^~» ij a^uL-i ^jo\ j c—i >—p^ iSJ*j> '—”‘ av 
dfi A_j jlj ejlJl-il 4—i ^u_i uSw jljlP Aj Vjb_^ OXyy )a~>y *£ C—>1 yji Jji» b ^jl^j Jj>- ji ^la jl-Ul j 3j-i,_ya 

jl t 4ji] y> y* Cl n — —■ = V —~ — V$ jAj> Jt* J1>U <_£ iyC- k_jbj <iiy j I dv n I — V dfi I^jL» .Jj\y» C—--b 

J-3 j<^>uJk k_-ib-i t <A)y yA ^Uj .JLib^t dv y~*-l k C~C-y ojlXl Ol j~*j y\y y\e jl Jjl j y* ys^JL» d\, L d\ 
a JL_i aib jl-Li Y— \ • C^J^-1 j J C~~t-y Jbl^Le k_jlii (_£lAjb^ .C—>1 fl, = rflj/ dt — V — S j)}j> 


•^L** P V- 1 ^ 


i ^-j-LA ^llj A^ C—ib <£, J 4 jl y ^ jl 

( b_j Aj^ aji aS^ ^*3_p Ij v c~c-j—< jbY-> *c .-UJiL <da>-^L« 

^a yisit—ljt ij a I_lb_j il-Ual J C ~« >l O-C -y iSj^J 1 . 1 ^ 


Cj- liu (jLjuJl J—fy* *-> Cl n ^MJ k-jb-i ^giy+s- iJdy *£ C.....al (_J3b j C--0-&1 (_^ljb A^J ^jjl 

ji j Alib ^fbljil V C-frj—i jIJLL. A^ JLib^ya fC - > t a iljXal j3 ^k_jb_i Ai]_y« k-S^ jl .C—»l 

.JbL yJ*^ C-~t-y jtjJU AS - k^ - 'I t yh^* ilJial ji yJJ~** 


a jl-*—11 (^ A_S" ^yJL^* ji J^Sy C — S y>- B A_I A jl AS’ (^loji ,j\y k_jb^ j\iy Cj\ yy jl ,_y!U-i kY-^ \ J* 

Ll?«jl yz*j A —Si yj^c*» jl yt M-J ji .C—il 0 -A-i a jb kJjL^^a a jljjl (b) J -bb^ ^^jljil C-^ y 

.C—I oAJ, C-i^ P \yj j*"* 1)2 /P cr*i i3>y* k-jb-i t( w_jb 



c*5” 



O. — «l ji \S*£J&- jl OJb*- OS' 

0 *—ijlj j j>- r £U-i ji\y j oij> OjU /C\$L>jl ^U-i jl ja 

JSLi -CJI« X)P i-—-lu ^LO o-—» aS" ijS^yt I j f3 Ajjlj (^L>- 

:jl iji ojLp _j C-c-j~- <_£^S’ojljUl Y—^Y 


/f ; \ 

v = r0 

a n -v i fr-rQ 2 = v0 
a. =D = r0 

V _/ 


(Y-n) 


Y-\Y JSL& 

Lfril J j .Ub *^£-*1 I j£*» Y— \ \ j Y— \ • ^buJibw* jl i_£j*liji ji 

.a J Sji Suis - 




?r 



Y-V 4 j^jqj 4 JUwumo 

l —j j 413 y» y ijIj^aU oil>- Aj j-L~<j ^l£iA ji jll oXjI j 

j—A y A L# ^ij jj» j-s j— olal C-S"^ aj yZ XS <_jliJi 
U* m aJLoU ^jI j JLil^ o* km/h Me JZ jl.T y ji j \ " km/h 

Y' m/S jl‘. ■■■ <j--* y 3 j\j > j Lljj ^£l ,X& yt 9 eil>- (_£jj A Alan. jl Ij 

(a) t JLiU 1 0 • m y\yC ^ X»\ y *Jajlj ji £l*-i ^1 j A Aiaj»j ji 

( J_^ (c) j B i_ilaP aAsaJ ji (b) 4 A aLaj ji Ij p £-U-i 

—L ^ 5~ a—. l»c« Ij C ji 


a, = -2.41 m/s 2 C 

L< T a n a 1.286 m/s 2 
a n = 2.73 m/s 2 j 

[jurfu = Ja,rfj] 


Ij ..4^j| ^jji|toijj L^>*jS^ 4 ..^jLL a ^l*jl 

: jl XJjLtf- l^pj— .oij? jlai ji «ji <£j Cjjya Aj jl yy 


• (_£jj « Jl) j-i -U5” Ojli t—'ll-i Jl>- 



( ^ l 

f 1000—1: 

l !> J 

3600s ; 

l *mJ 


u c = 50——— = 13.89 m/s 
c 3600 

'-v, b js- 

j Vc vdv = a l Jds 




l/ 2 2 \ (13.89) 2 -(27.8) 2 /2 

a. = — {vc-Va)=- -A—V—- = -2.41 m/s 2 

‘ 25 vc A/ 2(l20) 

■>- b P j* j dn i^yy* *■•. ‘ a < OcW J jr*^ ^ • 4 ji .LAj«A (a) 

[a 2 = a 2 + a 2 ] a 2 =3 2 -(2.4l) 2 =3.19 , a„ =1.785 m/s 2 
I" ti 2 l u 2 (27.8) 2 

l P J a n 1.785 • ^ 

a n = ° 4O—-I OjL^-j * a li p aLa! jj L»jl j B ji iaj I (b) 

a = a, = - 2.41 m/s 2 vJ 

• JjI^ C—< Jj yj OJ Aj J I )UJj . C J J iaj I yi (c) 

\a n =v 2 /p] a n =(13.89) 2 /150 = 1.286 m/s 2 

■ iyZ^j* 41X y yj O Jy* 3 Aj '—ill-i jlijJ 4 C/ J C n A^j (_$L* jlijJ li-u jj 

a = 1.286 e„- 2.41 e, m/s 2 

:L 4^.«l y\y fl 4— j\i*Z ajljjl jl ji aS' 


[fl = JflT+flF] «= VO-286) 2 + (-2.41) 2 =2.73 m/s 2 ^ 

.JLiloJLi Oili jLij j 5 AlaAj A^i jl 4^J jA j5 Jajl^-i eXA5 *S 4_jllj (_^Ia jlijj 4 ^yJ>J ^ I y 





J uAo <u5u 


.^tAtyyS'y!b9 jjO &U t-jiJuil (Jjl yl (Jy )yl) iZJfUu yJub i-Jj (jliiujftu ^>y& ^rnt (jtitjl £{xw (j &)la (jlirul £l*ul y. 


jljj-j jL^- al_ij J-Li'jl j 


T —A 4 j^cJ aJJuuuuO 

- Jj jyj* L J^b 


^ 't'^ < j* *i tr^'j <£ij? -^ls* <_***' e j'_r*-* jf** *5 

*r\ ; jffcreSi^4^_ ^ m/s £li>jl <jf j* jl <—>bi j oib lj "V m/s 2 ^yiil 

i^|- r {, M r * SSSSK \o° aljuul j> Y.(> . r ) km/h c^\j ^ ,c_l aJLi «*b jLU aS ^Wi»J ^ 

C* ^Wlfe'$jSss?V. . 

f _. L Z rl . ■■ <L>lj^-* (b) i jbji ji — 4 tS^^I £l*~i (a) o»*— i_j ^1 jj .j-iL^ jl — ■> a> o~~j 

4 -; ^ j 1 J—^ ^1*—i Ja—:>■ $ j d)lj~« (c) tD jl-Xl. Jbljjl 

.x£ i j~ju lj a JS - <-->b-i ^jby OjUp (d) j C £j» 





^ jl ^jjlyLjJ i)\ —J-j Ij -j y~ ^iy^s- AJ&yk ji Lp>ul f-Ln-i 

<—->b—*i t j n {g\*<dy* .xi Jjkl^>- cjUx^/I G <jL< jj'^' , “ *j t j n^lAAjiJ^* 

J~*U>- t jti (_$L ,jjy j-> oJ_>i »ib tyLi pj’li j ( yi\ (^U-ulj^ Ajjspj jl 

^ fp<y j' j y 

<i„ = 9 cos 15° - 6 sin 15° = 7.14 m/s 2 
a, = 9 sin 15° + 6 cos 15° = 8.12 m/s 2 

.^Uj <w>l»v» I j b^ul (a) 

k--vV p] p=£=tol = 4.32(o^) m 

c—/luj / 4x)^« oL^-a u olj^ (b) 

fu = fl,] o = 8.12 m/s 2 y_j\y>- 

•Jj l^y* C —j Jjb p j V *j GC Ja>- P L^l^ijlj O^j^* ( c ) 

t ) = pp] $ = -= 20(1 q3) /^- 6 = I2.85(l0~ 4 ) rad/s 

P 4.32(10 6 ) v ; ^ 

:L» jj\ji ^ i_jbJ> 1 1 j n ^Ia^I^uI —j J> <j fit j c« ^Ia jb^j jl oiliu-l L (d) 

a = 7.14 e„ + 8.12 e, ft/sec 2 «_J y>- 


J ua< ol5o 


•l ^/^fl ? t <HfA f) </ ly (Jl (JUUU J 4^/ OMM ly Mil yj l^jbuh |«il Utjly^y, ,ylf'jjl (J (& 4/ 


j«iiui7 f"/“l yj (/ ^J/j> - 


-y) ly (J\ . m/S 4; km/h J. \>jJ (jiyJ 





9 & Jjt—» y-6 ijj o 


Y -\.. JSL& 

L ojU- S* ^jcL'A *LLj\ jj-L> Y-\* \ 

•/i g <>— — i i^ljb sO—lj iJ-^^ jj-^p OjLI o^ j-~* 
^j —>■ j— j* G j m, /I jj «jL>- ^L_^>ul £-1*— .j— 
ejl—?■ ^la— jl jj'h/lj Y m (jj— 4lijJ «jj l^j) oOJlj 

■- OfT I»Lj Ij jj—tl Op j~* .Jl—L^* 


^'loJOUj JjLwmO 

—1 <_» —1 ~• uSL <_$_)j <_$l»jj Y-AV 

iJ— jj_jI OjJ; Ij »ji o , jIiO ajljjt c-S" y- * /£. m 

jr~*j—* (‘t’) j rn/s j—<I jj j OjI— i (<—ill) :^l 

.JjIj ^ijljil <JIj y jj Y /Y m/s jlj— Ij j^Jj • A m/s 
a = • A m/s 2 j (,_j) a = Y/o m/s 2 -»l y 



r -1 • I < 11 —jSLi 

«j£ Y • o_^Ij^j. Op^-L-<_* c# oJ^Y-Y*Y 

Lj Ij jj_^ o~f_j>- ,0-1 o Sy y(»J\ = VAOY km/h) 

OJ— jj _^l .XAiy *j jXj tjjt <U j j&pl—jL jjj jjJ 

o—<l» ..* jl.l .4,4 ol>«^ C—‘JbLw ^JL>~j>^ \*° *\* 

.oij jjs ji a 


<S ^- L— jjl j—i jJS— ,Jj11i* —>1— jb jj ( ji— Y-^A 
y* -^ly* y' L -*jk *i j (*s* s —• y*j~- j'^ji 

pjj J-j^jjl (^U-.lagJ OS’j>- ^1—1 jj I j lf»L— jl flJI* 


ajlj ^ • • km/h v. 


.OL< i it » o« km/h <j Ij 


I >y yi\ js—• j£-i 

C**P j~* jl-li* \ T OJU ji 
u jy J*Mj jJ *S 
jJ <JU j Jj i£ ^IaImJ jJ Ij 


*—lasj I jJ Ij J—— p (_£l—is*jl _ Jj .. 


jj Yl* m j —i (^l*jjb jz~» ji ^1—jjl Y-^^ 

<S tjl^-lasJ Jj ji J— $ —jl— jl Saa /I .0—1 J^>-J>. 
jljL_i. o>l j~z jl^— iJLiL T m/s 2 ,o—l vo km/h j 


J-L* —>b^ J -^tS JJ* j£-i Jjlii* t5jdj!j-* 

j Y * *m j—<ljj j 4ji »il>- (_^li»«jl ^-U— ^1 .jj j^(_^* */®5 ol 
o« p^_— ,j_—L ‘Am ( J ; —jjl G^jii jS^^* Li «jL>- —<L^li 
.Ojjl 0-0 Ij L—jJl V 





L_>JI 


la > *31 ilJL—ial JJjUa* ^lajS Y— \ *1 

7 -J^ *A <jL-*j J A < laii ji ftji OPj— j?l .J—iS”^ OS'j>- 

ix^ji« (OMj Wo m/s j*}j> Ib c)L*j j B <iajL ji j ^ Y m/s 

j ij-*P <_$Ljbil.L*l j* B J i4<JajL ji Ij ojS iw^liJti jIjlI* 


r~1 .^<11^ 


a^.3 Jjl***« 


(_£lojjli jljl* O OjIj l 


-L^lftjl^U Y-\*V 


a-j |» Ip L-j ^jpj cS*^ Y*Y * km ^lijjl ji Ij 

tJ-^Ujjl jl ji 4 j 31>- vpl— jl*-A ftjl^*U k—jl— 4 S 0 I 

0 < j £—>*j i jLJ O’ji !4 >-jj) Ojj I O o » JO Ij U OP j*m 

oilc—I Ja—ji* -*i J la^MjlA g jl J ftij^J JJjA Ij 


.(xiL^ ^j jfjA <J c-. 


u = rv/AO • r ) km/h 


P (it* JS~** Jdj 

i^-'L>lW 4 >’ 1 l—P j'J*—* hO’ 

Ja_>- A/4 JA—• .0>l ftOi Dili jlOi iOwiI Ojj-P <J 4^ 
= AO m b>ul ^Ijli j XS ^a JLji Ij oil>- 
^jl-jljil o^—>* oil—>■ * jl fifi ja— w# <SLjjj-p ji o—l 

jl^-LXlj ^1 ■ Jj-i’^y-* 8y$_j P fl = T» • m <_; (^L^l ^l*-i 
ijjlx>- JjO j;—• Jj Jj> b ^ j" 1 

ji-Slx>- i^j L jj jjl»J * /A g jl Ipl (_$lf;li>i *S XjD 


>' l___ 


l*-! -f < 11 — J£A 


O—^1 j£~j_ j j—b <u Jj»^» Jl Op j! JjL# Y—\ • 0 

<_ki: ji \ • *km/h A Jai jj o• km/h jl jUj <, 

/4 (_$ j_iL jj LoxjI —i .J—^ * 0^*j oo jj B 

J a J-rf^J 11 fj-=f JS" J ,ji *./' • I ^~- 1 i* m ^ 

5 ji Pg (^l—ipwl .t iO>l A jj otL ijLw* 5 

jl ^L, • A m J^jll c—Oj Ij «jb»- 


f-1*6 aJLLuuuo JS,w > 

ja -—a jj Y m/s OsjL—* vO*P jaa» Ij Y-\ **\ 

<ji4 jl oS”y>- Ja ji .xS"^ oS" y>- >/A m ^l*-i <j (JjjJ^ 
jlJLi. .JoS^y* I»Lj «^jlijj »jlXl aji op j~> i fi 

A/ JL*j flvoli jj jl j aij^J jL A0 j v yj Ij Av 
*—'•* ji eji Ja-.^jl* >_jI ~ . i jljia Ij JUjLj B j A 

A0= o° (^) j A0 = ^o° ( v ) , A0 = r.° (o _Jl) oJL>- 

^lokpJ i_jLoi L Ij <L»L>- 0>L i_i^L>-l x*»ji .xl o—x 






J\ .-L-il^ Tg jj\jj Ajm <k£; j i y l 

j —* ji Y• km/h L _j Ujj A' • 


L c->- t_So 


0 • • km £UBjI Ji .IjjL. Ji ^ Y-\ n 

'-; L - 1 *Jy '-r>^ J' 5 J® 5 lSJ^ ,/• ^y 

^<—; •J-^’ i _y' C—S ’y g = A/IT m/s 2 iljl A>_yL. <_;lLi 
A 5 <y'—-uJj* tS'j^ tr^L) t SJj* 

A-lis-J jj a-S' a_il^ j, ^La A/A m/s 2 j. I^ a, 

V j$\ .ijl—Y "* 0 *—±j\j jwLJ ilj— Za\ L Jaj ijy 

j~~>p £U_i (j-iLr* • • 'km/h *1i>J ^1 y S~S.y 
—LjUJ jl«j *j C -. — i Ij V Ol^wJij jlj~» _j 






oljj uSLj LoJl * ^ — y 4 



r-irf jsla 


^LxaIj (JjjLj jL—i ji PO i&i j\ P jtj Y->Y0 
i 3 ij-+* OjL_i <L* ^ lj <jl C~Sj?- 4 *xi jSji C ^ 

*—i\jC (jl— xpIj (^jjb y <—Axi j y c-p. x5’ ( _y* J 

■.J\ j- ^ J —-*« ^ p—l** * -ij'j j I j —** tS'j' 

e=a , e = o(^) j d=o), e=o(^i}\) 
y = ra)sin6 , y = ra)'cos0 (i-HO ^>\yr 

y = o , y = roc sin 0 (<_>) 



^ Ij b-b B 4 LL-. J-yil 4 SL, 1 &a Y-\ Y*V 

lj <1-<Z —w* A J-?r*‘Xi^ 

4^ 4j iai _H J jX>»* J Xp j **> i$ljli (J^j^l 

J_w<jjl jA *S \j tB J tA cS'-f'L*j ‘Xilj */A ^ jJ»Ll« 

.JuS uL> iXS"^ ^ I j C - C Jaa- 4j «J-i ijX>»* 


iY-^ Y* <JX~4 JL—- v y ^ Y-Y Y> 

Jj jLp 4—4 C~~J tj C-POlj—X jlj-* J jy-A 

^yLp t — ° *—£ JL- ji .JOjjl CwX ? = T/6 S j / = 1 S 

Uj lj <_>_>; ^jl ^ c—l 

(v_il!) p = vr/. m j u = -vyyy m/s 2 v l^ 

( v ) p = \n\ m j v = r/TA m/s 2 

L, jji 4 _j c. ; ..; r*° 4_jjij c-~ Y-\ yy 

ji 4j.——« P (_jLl>»jl ^U—i .33^ L"\* Itl/s C-Pj—> 

C —X 46iIX—J <_£J—*i jl 4-iU \ • <!ji? 4^ ^JLijA 

l^-X lj 4_,;>L- (iJj!-> J **J-Z J* jl .Xjjl 

jj .Xj^ jJi; ji iij—i(_/* ijlj ^ t#ijj^ 

.3 jj Xbl j^- ^ <J ji^ i_jLi 

Jj_^ (^jlx« ji • jlj^l* Jj**^ JjX* Y-> YY" 

jl ,c_^1 JU- ji »L* jl Y • • km ji »L* 

•L* pj—• ji —p*Alal <jj£jA (_jljj D Cwij^ D—Y JjXj- 

al_ * 4_j >!■« . .X lj (JjX V (_5jlX OPj*o jlXL* ioJ,/ 

.x^ v u>. 

U= 6VY • km/h ^Ijar 

j_>• ijlj ^1 -<a» JJLJ. 4_? ^^1—p” aIjjjj jj Y—Y Yt 

4Jjl 4_iJj4 .X-iL^ 4_jh_Jl 4—iJj4 Jj l^ljli 0?*j 

g = YAY m/s 2 j —it^j ^IX'jl ^j! ji 45* vXwiI jj"»j 

j->'ji ‘*ij-; j-r x^jLi* jl ^iU ( 4_iJj* i -X-iL^ 

^IXjl jj JjLi .xiL^« i xp~ <_43Ul4 j ^Y/Y* m/s 

4 __ YAr* • km/h jl lj j^ jlx-- _- La/y km 

.c_-l «ili ,_^jbl^ 0= \/0'° ji \olO' km/h 

4^_^<l>»4 4 L>J jjjl ji lj C-Pj— CjI j~*J jlj-» J liaXl 

. JioLw 






r-irA<iXu, jsx 


.jJI tC. ^^>- (J jl^S ^JlA — *j\ ^ Y-\ Y^ 

<•£ *y-^iS o*J-* *-M—J*^ 4 b i5 

b .JuiL */V g 

A* km/h opj—«- 4_5" jllj> l ■»-> ^^-1^k (Sjj^ 

S JLilj JUL j JjL>- ft^Lix*»l Sjy* y* L 4 JL 0 U 

L = £"V/ ^ m ^1 y>- 

r-in <n— jsLi 

_j oL^iIm Ix^a jl 0cJU- jl t,$l»ji ^ Y—\Y* 


*-i gJj-i ? = **’ CT^* “* ^ 

ilXul j Ol . < a . > u IXa jl *5 5 C-sl—■• 4j tXXj^jA 

jbj Ij S = yt xiajl j jjJa li y^y c5*jlXI 
j-itj y~^y ^^ J-: 5 j y ^ •*: j->J y --^y 

t = \ S * 1a>J jj lj oji J-S - i_jL: Ji jlXL* .C—<1 ojC ._>- 

jl C-\ • op ij\jj J>jls- ji J lx* (^1^) x£ lx, 
.(.US' <~rly C C_^ 

fl=U/IVmm/s 2 ^l*. 



I 


r-i <u— jsls. 


\j JSL-i ^,-iu, jlX. lSC t^l.jl i^aL Y-W 

l3jj£ _• A A 1 QAl jl jJUi^ (lr^*3 lJJ—>* 

^} SL ^ > cl^ Jj ha * .<Jiw»l W^V* km/h ^isip 
p ^LxaJ ^U-i .xil^ W\ km jl ^L*_Jb _, \/\y\ m/s 2 
.X ‘ «! > A ji lj jlX* 

p = U1A* km ^j|_p- 

j^~16 000 km.-j 



r-irY<u~~ jsLi 


^j^jjL ji ji lxI Ju a a P j*j ^ Y— \ YA 

A (_5_jjLi isJ—i oili pi— 1 j O— ^KSy* ji .XUJ y- j»A ^ 

ojli ^a aS^ xtl/^4 li—^Ij x»« •.» <o •/Y m/s c-fr(^Ijli 
o-Pj—. j^ljb B i^jjl-; *£JU- Ji .XL^ JLaIS - */Vo m/s 

jl */o m/s oXU j -a ji o5 _-I -o 'l\ o m/s 

0 ^ ^—• -H P (_^Ia>wI *^y~"ij* ( yj\JJL» 

<j <x~X p oljl jj* '^yy .XgS {y-» <li>J l y \ jj 
x.x jJ lj jL.j 


p= Y/Yo m 


‘T'lj't- 




olj,i _ py VT 


(r- 6) ^^Jas oLoI^jo V -9 


jl y *£ Zy^y ®X®C Lf ^oS u La'> w< <5 |jlai jJ IIj <L>uU<s ji JasJl C-5y- ^j~- uu>jJ jyS"l 

( _ # _Ja3 Ob<ai>«* .}}£ y yas^X* Ja>- 0<j_>lj Ja—jl { y y> y ^ h J C-jC ^^JaS jl ■dutfli Ja~-jl eji 0**iy 

L Jy^5 t-Lib Jjje» 4 j 05y i£l<Jjlj C-*3y J ybX <L«<»1> *S i yly £i\j eililX ijy ojjj 4j 

•ij-i l£jS ®jlXl ‘X*® JjJs» <J c5^*ijlj l ^* 3 J® J l*-i 4-Ltfli *5 



(r-ir) jsx 


<S. —j -XSy y 3 ^* <Sjr~* <Jjj b t^l # j^ x5 y *£ Xoy dt-X Ij 9 j r L# Jai oUai^ Y-MTa JSOi 

*—! ®0 J ®r 4—i_$lAjby <y jlji ojla ~ ...<l i jy G i£j& »jlXl O-X ^Tj* (jl y& 4j X jy** Xjl* (_£jL^-I C-jIj b>- 

riy '\*-~- j-»l y A y »y rjb y c~*i y .X yZy yai^lA G j r ^Ujy* c~i» iLu®l y i_X y 

^ X-5 *i L> ^ # J* X-aSy ya^~» e r 450 jb^ Ja-.y j aiy 

r = re r 


a£j ^Ia jby jybj 

®0 J ®r t yl—*j (^l-fr**—X* (^Ijj ^y IjLfr *■> ‘Xly C—<Jj 8 = V J V = T il)bj 4 j C.» X 4ia>lj jl {£j£ y^J* L 

jbj OO^ y -y.ijjj O-X JJ jj lj e, *S C—X jUa <, liJi lj e 0 j e r .C~ib ^1 jlj 

®0 J ®r X-X£y jljji jIxJL* jL«A 4__> yj *50 (^lAjb^j Jj j tSy-ys^ dG 4jjI j ajlXl <j Uj_p«>» il-llal rff 

<x*>- jj rfe 0 j 6 cx c-f»- jj rfe r J*y ol^x; aS - .'Kyi’y* JjXJ e 0 j e' << J50i jjlk* 

4 —*-* ‘XiL^y jOilj L—>■ y dG <>y\j jX^j> t<50 jlj^ L ^,1^ X>- y 1^1 ajlxl j y~ .xiL^ r 

: (*Jjb f ; • "< ■' dG y lj Jfcljj jjjl ^l-|»>.~jyj dtg— — t r dG j d& r = CgdG Cjjyp *j lj L^jl 
rfe. de a 

~d6~ e ° ’ ~d6~~* r 

d e 0 /dt = -(dQ/dt)t r ,dt r /dt = (dO/dt)e g z^Js ^ ^....i: dt y lj l^l /l L 


& r =G$0 f ® 0 s ~~B ®, 


(Y-\Y) 






VT Y-? 


ji ^]l5wl l_5sj j*J> jl (_j(3~~* j__^»b jl oiLii—vl l» y^~* jbj aj c ~— i r = r c r jl *£ ^la^L* I Oy£\ 

: r- jb i ^- 


v = r = re r + re r 

v> r jb^ OjU cY-U aUj jl e r ^j&U ^ 


<T-^r) 


:jl y aS - 


r jb-J a J* 


v r =r 
Vg =r9 

v = ^v] +vl 


^yJjU v C-P y B *J}j* j »*y r j\XL» jl (_y-ilj v 


r *J&y 


r0 tg y. — L» *-S _L ili <7 _., t ib *—>-y .8 = V y l*...* VOp y OjU p jl u/Li jijjl C — «-l> y jjiS'l 

i^jjl jjUj .. u~ .....» yjd* j/k *£ JLiU^ <JU>- J.Ui 

a = v = (re, + re r )+ (r0e„ + rB t g + r6i g ) 

(£J 4Jajlj jl ©fl J jl^i ^ 


a = (r - rB 2 )e, + (rB + 2 fBje g 




jl y *£ 

a r = r - rB 2 
a g = rB + 2 rB 
a = yla? +a g 

•ib jLU yj O jy0 Aj I j 8 <jiy yy jljj y* 

-&*) 

*£ Oi £ .AaI y- j\j> sililMjl *jy dy 1 * @9 l $bi J^y* A» <SjS Cr~~* ^ y^ 1 T Aj A^ 

•fijb <^b* iSWj'j f*^>* ^ 




- - |° 3 ^ Vf 




^ 0 IjLp j' «-& y j ^ j^ '■^Uy> ^ >1 *^y Ji^ jSj y-u <mj ^u<Lj>- ^jji 

jl -J—*-; A j A jJ lj l^jf 9 j Tj <_$IaY-^ ta jjjl (S^ji •“bbiL Ojjj JjIS 

Y-) lb ( J ^ -a jj aS^ »>■>>...,»* *■— ) ' j . ;j* j j ejbbl (_$ljb Ia^AJ j^j! jl jA jUL 1 " ^i-^> 

a JaLL<» jJ j j£»l jjjl .JblaJLl Oita jLlj 



r-if jsli 

rfr/rff = r jl jl ^Li j c~-l rfu r = dr L v r JjL> ^Ijil jl ^L ^ ij; Ju ^1 : v r • jUI ol^^A; (a) 


.XiL^ r c~i* c^r jj 

rdQjdt — r0 jl jl ^^-Ib *—>b—i j J-iL^ v r dQ = r</0 jjIj—» t5jj jl j^l *jl-^l: v r c«f>- js Jq (b) 

6 O-i* C — $:>- ji 

d{rQ)/dt = rO + r9 jl jl iU »_»b-i j ^ </(r0)b v@ J jl <U->- j^jl : vg ajljjl j*Ju (c) 

9 c>w» c~f>- jj 

jj r9(d9/dt)= r9 2 4—l*^- ^1 jl v_jli«i j J-iL^ v g d9 = r9d9 yJ<j ^jjl ajlJJl : C~$>- y ^~*AJ (d) 

•Jjj .uly- r ^jLa 

.jjJ-aU»- <-L_•! c—Jb *>L5 aS - a 0 = rO + Y r9 j a r =r-r9 y o*>Uj>- jj^S - v_J^ L 

4_L*j^ t-L.«*li O-jI-j j_$Ioj_jiIj o_?^»- -b_>!_» r^?l_j .c.— n«I jIji^I jj «ji i—»liJi iJuS^j 9 jj i r <L*j«- 

l-^ (jjl tJ-il; j^-» t£\ Ul ,c~-I «ji v_jbJi rO <L*j»- tXiL c-jll r £I .c -I v_jL«1 y^t- aAJ y — r9 2 

Vg ejlj_d y ~ * -> jl Jjl j—> I ^>1 _}J jl Yr0 <L*^- toy-'Vlj .XiL^y* Vg a jl Jjl ji jl ' ’I--* 1 jl 

lj —^*"9 4l*j>- jjjl^bj v r j|Ji»l A; jl ^il j C-J r j~m jl *£ -AA^ £—--b d{r9 ) 

i-J Jj15 ^U-l <j o*>L* j>- 4-i JLjU j jLlj lj ol^-AJ jl 

‘ jrr*^ ^ .C—lL 4j>-jj C-JJ *j V r ajl-Xll </l> r ^-jAJ j V r jj rfv r jb y yJu <_i“Ax>-l <0 JbL 

C—> 1 ^ <j\j-> ^yljLjP L j*-jLJ dt j) lj ol^-jAJ j^l 4$” ^yiy .C-~J Vg ajl-Xjl ji rfUg j-jAj JCJUja i/Vg 




Y& o L a lg ca Y —9 


d r aS JLjtrli AlJ^li 0>3i .JUO—j jl £j dv r /dt ajljjl JJlJLa j |rfV r /rf/| jjiJLa ajlOJl aS ^yaj Aj 

O 0 j>\ji ao j v r ji\ji 

J_JL*« jl t.\ .tiL ai— li j> -*y~^ ^ j^l .JjlaJLi aili jUL, Y—\ 0 ji jl ^IaaaI^ j 3 JS^ i_jk— 

—LiL jy~* *li>»jl jS"^ <_£j—' <i i _ f z~j>Ln C { > ^ f* b ^ Y_0 ^ ^ 1 J n ^UtiJ y 



b C*Sy> 


jj j—*j ail—o jj •/» A—j Y-\ £ j Y-\r oVil ** ^lA4ji]^i t r OjIj l» (_^le^j!i ^«i » ji OS'lS^ 

t» r =0 v 0 =r6 

a r =-r0 2 dg-rd 

c~fr_>- lal (jJsO j*-* j> t J 9 <^1*0**- o' J* ^ p-iijjl C—O t J tl ^bkAiJ y aS 0—1 jU* uiw»^.1 

. a r = —a n ^jJa* Ol—alsO I.L> C-ijS^a A; j^lajjli C*S y- ,^ljj ‘(jaljjUj .0-iU^ya fl yL* C~f>- ji r C.» t « 

A_S iJjl c—-Jb y = r sin0 j x = r cos0 i^ljj jl | *Jo. <j l> O 'yy y> lj ae j a r ^JISL.1 .kljj 

aS 6}yj Ajy%j 9 J r (^LaAaJj^ Aj I j k_jllJi jjjlS <_$lA4jtJ y ^jjl jl i_S-L ^A y~y -0— 1 0-*l^>- dy — y j d x —X iA>xO 

.JLi JLaI^?- Y—^ £ aI^Ia* ol jLp aj yy* tt —^y j' 0 -*j 






- i a 3 J V? 



Y-^ aJLSLmmo 

J » 0= •/Y t+ */*Y t aJsjIj U.ijJ jlijLJi ^jjL jljji 

r ^-- jj—L> 4_j .J—JL^y* *—JU ytj jLilj 0 0^ jA *S" O-xl e-Ll 

9 fj-^o O jl Ij Ol 4 -JLs^U j o ij-Aj j&js jjL *j lj BtJjjii CjjJj 

*- > . — > - j—i t j jj> * ji r *£ JjLJ^yo J jZS r — */Y+*/» It <JsjIj 

. ■ AyS* <ly«pl>fca / = Y” S J - IJ A J-jjjAj l^jliJ J O^P 4_olj 


ji *—£ (wjlii j OPJsuljj Aj J oyj* O^Up- J ol.<a7>w« I«UjI 'Jp - 

-L>«^ I j LfJ I / = Y S ^1 j—i j sijjl C—-a-b lj -U J—Ji i_jL yu tj^ai oUa^» C 

•r^ 

r = 0.2 + 0.04 r 2 r 3 = 0.2 + 0.04 (3 2 ) = 0.56 m 

r = 0.08 1 r 3 = 0.08 (3) = 0.24 m/s 

r=0.08 >-3 = 0.08 m/s 2 

6=0.2 1 + 0.02 1 3 03 = 0.2 (3) + 0.02 (3 3 ) = 1.14 rad 

L 03= 1.14 (180/*) = 65.3° 

0 =0.2 + 0.06 1 2 0 3 = 0.2 + 0.06 (3 2 ) = 0.74 rad/s 

0 = 0.12 1 0 3 = 0.12 (3) = 0.36 rad/s 2 

:L Jj j^y. t — X s jUj ji Y—<lajlj jl C-p j-* yt 


[u 0 = re] Ve= 0.56 (0.74) = 0.414 m/s 

[v = yjvt + v 2 ] v = yl(0.24f +(0.414) 2 =0.479 m/s v l_^ 

I ^LaapJj^ j jlji* .JjleJLi tol-S jUj J^J J* jjl^ A j y 0~0 y ji jl y j Q.Pjli y 

:ij i \ ji t = rs^y-n ^ ji 

[a r =r-r6 2 ] a r = 0.08 - 0.56 (0.74) 2 = - 0.227 m/s 2 

[o e = r6 + 2rd] a g = 0.56 (0.36) + 2 (0.24)(0.74) = 0.557 m/s 2 

[a = ija 2 r +a 2 e J a = ^{-0.22lf +(0.55lf =0.601 m/s 2 v l^ 

.JjleJLi oili oLw jjL *\0/Y* ° I^ <jl ^La4jL 1 j v-jU-i jti^ 


) 9 jbsk-* <J9;U CM/* ■h*'? * “Mpd B jfyt (jl ,) if'uLbfji JJM, .kILllu, ipj 

.iZAUll <0^/Hit ,JI /9) 





VV lJ *Js3 uUi. Y-P 





9=30°/ 

I y a « 9.20 m's : 

1 /' 


T-V AJ^aJ 4.LLmmu> 

ji (jVL jjjj* Ij ^ ij l j£\j j?~-» <>Juo ji jiji j >_sCj 

xJjLp (^lAoili tC o l 0 — Y"* 0 a£ ^^*3 ja .sS^ ^jL jj o£" j>~ <Jb» 

jl Jaii oS’lj .0 = */A* deg/s j r = \ Y* • m/s j r=A(\> l ) m :jl 

A—i j ^3 j ,,,<■ » 3/Y* m/S ^jI^j Ol J e ^Ji l5_) 

.jyS” Ij 0 j /“ jji\JLo j X) Jail^^jl jJ .JLiL^y* 


[o r = r] 

U=>- 0 ] 


:L X y\ y yi T—YT* dil** jl 

v r = 1200 m/s 


v e = 8(10 4 )(0.80; ^j=1117 m/i 
[v = ,]v 2 r +t> 0 2 ] u = V(l200) 2 +(1117) 2 =1639 m/s 




•p-O^cs-* J 


^il—- *j iwl uijls aj jg = 3/Y* m/s 2 ^il^j C-Slj JS" t-jliJi 0>>- 
0 m / s ! u<Ai y* Oi 1 '-V, eXi ejb ^y >j 0 J r^U-wJ^ Ol^V 

:jl jUjLp O 

« r = - 9.20 cos 30° = -7.97 m/s 2 © 

ao = 9.20 sin 30° = 4.60 m/s 2 

0 j r j 4 >^ J^Li *£ u^ai oLa^ ji do j a r <^l$j jL* l< I j ^oUU ^1 0 j£\ 

Y-U *JjI^ jl 

[i r = r-rd 2 \ -7.97 = r-8(o 4 ^0.80^j © 

r = 7.63 m/s 2 ^1^ 

11 0 = r0 + 2rfl] 4.60 = sflO 4 )# + 2(l200] 0.80—] 

\ 180 J 

0 =-3.6ljjO -4 ) rad/s 2 v l^ 


JlJLo ot5o 


•jajj b )^ie-Lu )b lZA fji ,) 0 Aiyl; a/'lZmmjJ jU <u iuaj> ^jJaS izjUcLd ;) if' a£a11a 

•);l) (jiit iZaA^Ic- (Jl)) <U .OmuI T (jAIa iZ-AfA ;) i^jllw V <Ll)yA Af jujf'<&yi 

rad/s ai deg/s j i y 0 ^io aiw!) ci*?) pj 


O 

© 


© 



JL*. J3 jb jLJl Ji P Y-\YT 

<J j~ - 1, uZjjJ& Jlil»l ia >«)jj OA 

j 6 ss a rad/s ©j_J* _JL* 4 la>J .aj_ 

< — LaJ jj .xLil^ 0 = -r • rad/s 2 

jIj-a .x-LI^a r=° j f=-T>> mm/s ,r= Y• • mm 
.XoL Ij P i-jb-l 9 j r yt ^1 
a r = -U/A* m/s 2 j a 0 = -A/A* m/s 2 L^ 



r-irr <il-jsl 


L JSLi Jj «JL_i .ib JlL .jj~i t-\ri 
O j' a_S” OjLJ Lf —ai\ jj>** J_p- Q 
C«Aj—* j^l iY <»_. l yfi I—; jLi j ... * J iX.lp Aj .xL^ 

B j A ^LULa jj _l c-s-j~* .i-i*l iv l 

jl J*A^ ^1 ^ .1. ' -* Ij « J1 Aji L_S\ ) 1_*>LS J ll.PJMI ,-Lil.^ C-jl> 

.JL^ ._>L_j- fi <kij (i_j) j AaIsJu (<_ijl) 


0 



•/—4—/—H 

r-irf <ii—jsLi, 


0 A_kii J_>j-La jXJl. aSLISua t-\fO 

l a . ..a jJ P oXJJO C J^>- A_La JjL l iXSy* jIjji 

L j XJ L—- j?l l j-» J jr—^ j X > L ..,a ji aJ__S jL» 

jl^-A \—, ljii^ jljji 0 = V deg/s Coll c^-j- 

\ 

a j v j^UL. i-bl _j jlaIS" \ o • mm/s o*li 
i_jL?- i-LiL^jA l = \ Yo mm a£ ja Ij 5 


< JjLyyyO 
(jj loJdu JiLwo 

J j_ >• OAB S tSJ jL Jljj^ L jU^Ajk Y—\Y"\ 

.J—*j^a Jj_l> l jL-i\ji\ OA — —5 c.«...-i X) 

•' i ~£ 0ii" b 0 £J* -> 

/ = Y m i / = */o m/s * / = - \/Y m/s 2 
0 = y*° « 0 = o deg/s i 0 = Y deg/s 2 
^■ *"1 jl l f jj ^ Jjl J^-b. jl -uijLp l j l 

.c. ^ 1 o^*j c **»J 4 AB 

v = */o e r + */VAo e 0 m/s ^ 

a = -VY^ e r + •/£• > e 0 m/s 2 



r-»n jsli, 


Jj O—S’y c^li C-P^- L J^A ^L-jI s> Y-\rY 

jlj^f-J O JaL—S I —i jjjl La a Ja>- L^J 

0 * r * r , r (yU> L ^ .c-i.) .xS - ^ 

. JulS jj;*-* C J B I. A _^A jl (_£j Jj Ij 0 J 0 ( 



r-»rr<Ji—js^. 




v= oio mm/s^j a = VT mm/s 2 


- j] yr 


9 = 1*° aS (^Ia— la>J ji .ij-i^ ^Lij ^jlilj JS'-i 

4 r = *\ km a_ s j_< 0 ^ jl_ jl: I_^«jlj_;i t c..-J 

j c-Pj— joli. 6 = */*Y rad/s j r = Yl m/s 2 

.Jbjjl lL.»0j>» ^jj»l ji Ij j^« iw>LlJ^ 



Ji oji cSL-i —>- L^JI L ^1- c-S'^ Y-^n 

jLu m 2 /s 4_—=~ j-j r'B ^jJaLo L>- L» ( _ s _-ki oUa- 

A—# (jJ—J Aiajlj j>* jl jS* OJ^ ji A^ ftJbij? 

ji Ij 6ji 9 4—iJJi—^ t jl»j 

.J^S jij a j r = — m aS* ^ = o s 

a 0 = -A m/s 2 p_p- 



r-ir«i <it— j£i 



jL, CuU jl>* L ^jSL JL- ^Ujjl *SL.l£jb Y-\r\ 

ia~»J LwLA> (^l^jlj oPj~« 4-lj 

a", .tli .ISL. z ij_j_>- O = •/• o rad/s j_;I jj j OjI_j 

.»Z—->l (J-jIjil jJtT ti jLs> jl l JJ» .iyii'jt 

*/* \ lm/S jJjj Ij a^ JL^p-I L3 4_■LlJj 

C~—<-b I j / jjt—j Jj-1» jlj-—• j;**! cS^ jl^** jlJi* 


c_p n 



jsLi 


. 9 = '(cos(n t/?) j r = t— Ja_;ljj 


J-i f J jL-iilj ^->■ ^ 9 4 J. 4. 

f = Y s Ji Ij .jia 4-4^ JVC 


- ^ r l^ll ji ^ jOl.jLi 

——< .JLil)^* <olj lw~~>- 
.JUS 4 _jL^>- 


a = VA»v e r -v/Weg m/s 2 
v = i e r -Y/lYe<j m/s 






HI 


pJLi 4 —puUo jj 4 jLI»- i_£> <di ej ji Y—MY 

x-p i_sljb P ^L_wl ja A • • m ^U7jl jj j ( r-6 ) 
iilx»J —i .( 0—1 ( _ # _ol ^jlLi j_>x j I* • km/h 

^j—jl ji i O ji y £*~* (.jbij jblj .Xib^ 1Y • • m 

.xS^ <o»j 6 j r \jj Ij tS^iUu <>■ 
p 

km/h 


4Jaj|j 4S xS^ OS'jp- ^ jj, P tJ i Y-\ If 
•X. -ib^ jjLi* 6=0 ]a^. o-~J j sXi ojb r = /(0) 
P bxp*jl £bui iXS^ jjs- 6=o o .. o j! »ji 4SL*1&a 
V—*" f cS^ c5*^b •* l **’^(^* W ,/k* dM j 

.Xjjl o~<x <ki; jj *ji oS j?- ja-.p p j r t v 



r-ifr <io- jsb& 



O J-*i4 J^(M <JL,4SJL^ Y-Ml 

•^J—-tf 4 »-L_iS J-jMa ^->S^j )a~.y (XS^ jljjJ 


0= •/L+*/U/+»/*V 4_lulj 


4J0 Q j 


OU ^ r ^>- jit j jbalj k_—« p- ji 6 jl jj <kS »xi »jb 

ftib /“ = * / A— * p t • / • 0/ a!i»Ij la.■* oX^aJ ^~ - 


J & cS^Ljj J ot^ t = y S j3 \j ajkijk J ._.to 

t XjL—^ jc j^_p— o_x jIxo. 1 b a j v i_x j <> *S \j fi 


h = \ * km ^L-jl ^ 4S op- ^L-jIja eSb Y-M* 

O <iaAi ji j io jblj ]a~>y iXS^t j\jy V OjU Op j~» b 

jl ^IaI -S (l)lj--• J 6 = 1 • ° 4- SL*l£jk . J j _i ^ ^Lp Jj 

Ij Lwl j_* vo e-j^ jIXl. j r jlXu iXib^ • /• Y• rad/s 



Y-\t- 410-JSX 


°yt.3 lP^-*** 

j •Zj+j <1)1 jj} fi *j jl j o j jXmp j j AB ij j jt Y- M \ 
iSH »£<j*AC jbjL- Jjjb vOpIj ji A jlfbl 
t j—ib^ o.L} j 0 = >n rad/s j /3 = 1*° 4_S L $l4_lipJ 
j Y->f -lajljj jl -Xjji o-«x I j 6 j 6 t'r <r ^jbu 
.XjUJ ojUoI Y-U 

r = W/<\ mm/s j r = -\r/o mm/s 2 ^I^p- 
6 = --/r rad/s j 0 = ° 



k--150 mm- —*\ 


Y-\f) <lO-JSbi. 




JJL— 


mm 


<_gl —* jy^ <; c~ ~; (jl«ji (jl<loaJ ji Y-\tV 

JC = i m ^.Li J OP^- iC-xS y (jU-uJ y <j\ ijb x-y Oatt 
jx = -o m/s 2 1 ys-v m/s <jc = yVy m/s i^Tm, 
0i0i0 tjr^ 14 oLai^«x .jLiU^x y = t m/s 2 

*J-»- »lj—«-* <i Ij do~« ojla .x o-x \j r j r 4 r < 

• J ~^ f-o 

0 = nn° J0 = —/Vll rad/s J G = Y/Yl rad/s 2 v l^- 
r = r>/o m j r = Y/Y* m/s j r = */Yoo m/s 2 

«1 & ..,...)I ;JSL_i jj a J- .j ajlj o' .t. i <da><3 ji Y — \tA 

j_.1 y lj P _ ai Jll_A <_ixb oljj -A; O jblj 

jJi; jJ OalX \j O UaX ajlJLil r = -YVtY m/s 

*> j' jJ J_}J-* jlX_4 1-^—i ji Jjl_i _• 

Op j—x lj— «ila 'JL-S y JL>- jJ j-xj jJx- jl h = Yi* km 
• Xjjl 0 > x »X Olp^Ual ^1 !._«*>■ ji lj JjLl 



Y-\fA <11— J£A 


r-JFF <11—JSkl 

Jj —>■ *& iljlxl ji P aX^xJ Y-HO 

O —y)y ^y* J jr—^ S ju Ja_x y J —>• y yj* O da JL> 

jl Jj * _ 5 aJLi abb 0 — */A 1-dajlj la.x y ojla 

aXjxJ t - ° ji .Xjib^y <Jla i_ — a- ytj jlailj i _ J- y 0 

i—a—< */Y m/S OaL_a otjy* la tj~y Oi = ^/^ HI jJ 

O-xJ a <jj\j v_-s- 0*>- j jloia .2yy alU J»-b 

■ 02** t = l S j3 lj aX^xJ v_alix _> OPj— CY jy** <j 

l> = «/YW m/s y (X= Y"\‘° v l^ 

a= »/YVY m/s 2 y a = >VU° 



JSLi 

uSLa £la_x, Jj u OaLJ OPJ— L A Jxxyl Y-\n 

J 5 -^ Ij J-*1 ••*—^(_yX O-^_y>- j .;- X jJ at Jj-J 

!o .*jj V OPj—- <SjS *jlXJl j _kb P aJLi t-Sjlj jJ~xjjl 

ajlXl lj dJja Ja>-B C-P.J-itj^jX 
—; -latjp^ o^- iJbS’^y* a-lxLix ^^-JL jxJI •iS’ tj y \)' 

t u = U o km/h ^1 j—j a—, jj_,l c_-b * _ $ I lj 

oLj Ij <-—-Iba j ^ylajjl D = Ym jL = \ o> m 















A& JiL~o Y-P jUu 


r-iff < 11 —jsLi 

CP Ss t c~Sy jl <_•* Ji ► Y-no 

Jl—a- ji P £I .iij£y» OA jljjL—i (^jjL; jljja »i«*L» 

I —: I ■ " •* ja ji 1 rad/s o~d , > jlj. .a L> .»! jll 
—;t jj Ij P j— 4 _jL_J. 0 j r ^U-LJjy cO-il P =Jt ll 
. ' .a lj r j r j _j9bii j* jL_L« y oijjl c —ju c.jOy 
y V-\ 1 ^IaaaJ y <—biA {j*JJ <! I«lll lj * It... * . JLjLw 

j s 0 y I" (_£lA4_«Jy 4 __j P .—jll~t ijijS^ <i^y>u ( yjj <o ( j —»..» 

..oLJ J*- njT ^Uyb oSy 
fl r = -lWlmm/s 2 ja 9 =-vromm/s 2 ^1y 

r - - UYy v mtn/s j r = - aav mm/s 2 



r-»^<H—JSLl 

jj aXSy ^ lj Lf Ju i jlx. ^S" ojly.li Y-\*VT 

j - j5 jjoz jl 4 j a _Li oili jlu Oy3 y 

.Jjb l> = W<W* km/h j-jlj; ^J— .XSy jy A <kL 

A jl Q = Q r = — V00"\ m/s 2 j_»Ijj ^yj ^y jd 

j V ja jL_L» A Oyiy ji .xSy ijlj ojlyL» <; O >-*jl» <j 
.JL^ <— b»< lj /" 

t) = - */WA m/S 2 i_j|y 



r-lf’fi<li— JSLl 


—J-~-L8oooJ 

1 km 1 

Y-\tr <li— JSLl 


v jloylj t 5 jj A .xSy jljji P = V rad/s 
4 _Lo i y oJj o.S’y .xSy oS - y ^ • mm 

jljji O <Aul> Jj_>- 4jbjL—1 (_5_J jb jL*i jjji A *j L^alo 


ui 





Cilji ■Xj L ; , ... . _ J-ias ^ 


y 

\ Vo - 30 m/s 



<li~. JSLi 


jj jS oUl L Y-NY- _. JL-* jSLjL ► Y-\V\ 

4_J_jl j ..* li t — 0 jlsj ji jlsib JX>- 

S ^— 4 1 —jLj — sl 4_« Cm ——j r*° 4_sjlj c«—>«j V* rn/s 
<_. c~~J »= '/os jUj ja \j 9 j 6 i B i'r i r t 

.jcS oib jLU ^-_y oLi^k sl^—i 
r = Y o/t * m 4 r = YV/r m/s 
0 = rY/o°4 0 = - */ror rad/s 
0 = */v\v rad/s 2 « r = - r/ro m/s 2 






L a3 jii y> Y—V 


l _j3 _i Lf^ J> J?~* J* *Ji tS*A*J 4 -" j_yl^ CJU- 

ul<a'w el^O-i 4_. .Xi e.ib jbb Y—^ J J-i (_j?j** Y—\ j2 

4-5 JiixJ. a:>_^_i ^_> (/?-0 -0) J ir-0 -z) ^l-uljo-l tx-y-z) Cf.yjX 

el&_~0 4—» jj—jl .Ai j$^ ailixl 3 jy* y- {y) £tj^> <S^ji ^J'*-*-* 

*XleXi S^b jUb Y—>”\ JSbi Jj l^l 4Sb jb y j oU 

|» 4iaa-*>la OUX* ,_$1 $aISx. 3 j^l eilil-l 3jl_^a £d J r^-> j' 

jLX 4_5 t jn (Ol—ai^a jl a.ilio^l L jb lj jJc u (-awjjJ 4^ 

ijl y ^y* Y—^ aXi eib jLL> jb-jj 4 j>«jL-9 4_L^ijj (Xi aib l a ., i Y —0 

^j>X« J^abS 4^ |*jlei^ <—ij*j (_£l4>uLa jljlf- 4j I j As*Ju0 j^jl *>bi .3^j 
(r-lf) JSLt yt ^-U. ilXal ji 4* V CP y* *S a-Ubb .0-1 ^ J^a j3 

(X—-I 4j>«jL o j 3 OS'^3- <£bal&A j XiL^ya jb -y oJua j3 jj 3 <_jhJl .0—1 43^ jl^S jb-^J 4j>X-a j3 nO~-l y^"^* 

J_) 3j_*^ fl H — u 2 /p 4_ijj- J aiy C~£- j-> ajljjl jl ^ Ajb ./! (j^b- a t = V <iiy> l£j 

J_laj 3 jj _a aiaiJ j3 l^bsbl ^L*_i P t ^l Jib jj *>Ls 45" j^kilfcA .Xilj^^a C-Pj-a ilx^al j-jiJ jl 0 Oa 4S" 3jb ^^>0* 

iA^Jua ji C-S^Jjl-~-a jl ,_jl^ 4^ C. &y~ '— A.^ y ^jal ajlXl pL-jj 4 ji \j Jl ii^y^y 4^ XiL^ 

jl a3Uo«l ^jjjljjlXj .sS^ yM U5b Jb-jj 4 >%i~e \yj .ijb iyj\S ^baa y- jJ *C—-I C~-ji j 

Y -\”\ ji a J i eib Jbij C~jb OlxX al^O.3 4 «- 4 j lj 3 ^>- 4 >-jj A>*X ji .C—jI aboil i^-^a l^j l)I_^P 4 j jl 

(x-y-z) ^ ji’jlS' obxoiw) 

_j3 (Oljbp 4_j Ij jl ^ylaj joba jJ J Z 4^als^a 4S" C-.Jb .XS’ ( ^0 ibol I j ^U- J^-ba t X«j 4_. 4j j3 jl Ja^j 

,xjIj 3 jj j Oj 4 j a (_jlxi j v c-c-j-- t R o-* 3 j^ b 4 ib< 9 l Y—*\ Ja»ljj iS^-i 

(Y-NO) 

eilio-l R jl vO-*Sja jb^j (^I^J r t£b>*j <-< ‘b-S’ y~ 3 jO 4 j^jJ 







( r-9 -z) oLajjm 

■—ib L JjLi o A.+ 4 % i— >j>- ,_jl A»Jufi C-Sy>- ji lj l _y4 a * Ol^als^v* £\ 

j I ol— ji aji o—R jb y <»U^I I_> jl ^l*j jiJL* ja j z <**£>%* l^J C....—/IS' l^jj 

.Cw.1 _/J Oj_^p 

R = r e f + zk 

jdj b C*c-j-> ^I^l* 4 tj\o*A*0 iS~Sy~ fj\y Y-^Y* <k;lj jUu 

f v*re r +r0e fl + zk ] (Y-n) 


«ib y>- *£ 4JLi y Y— ^ l dJajlj 4 j 2 4jtJji<iUil L 


a = (r - r0 2 )e r + (r0 + 2r<?)e e + zk 


a e =r0 + 2rQ =——{r 2 Q) 
rdt KJ 


*—*ry U"' ol bss" j 1 •& x ^~* <^L*e<? j e r aSL ,^1 *jb y 

.jjlji ^Uj ^bi^i j C—I c-jli <_s.ilJh«l (_jljla t z jy~» i^b—l j j* k a& jb y tS ^jb 

(R-9 -0) oLoX^o 

<_j*JI—ji tjll* (_$l^j) OilC-J <ij\j J* J ,_ypU-i aJL<»U jl Oji C .. « . < y jijS" yO>rJL» (_^l 

“H V “H <l> J 9 iR CjLo2*a (piyf^ »s& <JjStjiXl <^l y Ujblj jl *S 

^Lli Jaii l>*bl ji Jjl yti .iyii^yt J-dsb- y s^L^va 8 I—->b«i <J O jLp ^y-dJLA Aj Ul 4 -bl^y* C-^-b 





O-—~joLu4I e R aSL jli^, j*-* J^Lk* L> j eg &R a£j ^lAjta^j o*~i *<*-£Ij 

ji Cg A_£j jlij— ; ,j-~>*<*-A .ijli lj U —».ilj jl ji C . ^ j>~ A_j J—P aji i(j> j 0 jJjl * OjC j R ^jijljil Ojj-*o ji *& 

ji e^ 4_5 ^j jlij—i «j xjS^ <iS lolj jl ji P ajj $ j <j> j R j^jU o»Ij Cjjj~a ji *£ c— oIjcuI 

*-; 8 j v iS^ji c5^jU^ c£j>- lot j jl ji P tJiiUj OjU 6 j R j JjL ^^ijl^il <p j?l aS" c.—oIjijuI 

■ XS »J> ji j O jj~0 

[ ystfrefl + tfree+tye, J (r-^A) 


: jl jj a£ 

U R =P 
Ug = P0COS0 
Ug = P 0 

J 

| a =arttR + a g eg+ a# e» j Of-H) 

:0l ji a£ 

a R = R- R<j> 2 - Rd 2 cos 2 0 

a e = —j^--^{R 2 d)-2RO<j>sin<t) 

a. =-^-^-(p 2 0)+ P0 2 sin0cos0 

A—" jl ^ j* J.J ubj J OPAj bjJj* OljLp jtji^ aS - JOl) 

ol—sAJi>fc» jJ lj j?~ (_5lAAiJ_y« ^?l Jli* aS - ^l»ul lj jl&»! ^jl lA^JjXj .i jjl C—'JO I j oLtfis^A al^Oi 

J 'j Lftji-V Oi 1 ”cr^^ k J (*~^ ^ oiyjfi olouo jj lj ^Iji t{ *jl.o 

• ili ^1 >»jI (_Jjjj—»l? ojLv A*»li^j i_£j 


John wiley & ot^l jl (WA> SI ^.l*, l , dv>) rjJ v i> .o.b,a ..j^y ^ v tr llS ,/ oL^ , v jl j.ir ^ * 

•JOfi >j Sons, Inc 

3 -^—! Jhon wiley & Sons, Inc oljU^i ;i (\<\YA) SI jjj,, \,, (> 1Y>) rjJ v b- OoLjj v hr ^ oUx. ^i^Ljuj ** 




Y-N AijA) 



Lf -j\ jj* O-o j~* j OS' jp- <j £jjJ> j_jSl— oJb- jl ^j JliSl 

<1)1 0 = kt Aklj \a^jj aS JbL^« ^jLAji\ jt*j L o—>-I_j)*^j aj 0 <1)1 

a <_jll_J. _J U <OOj— klJJ 0—1 —1 jlk* .0—1 iJo & jl jb jlOJ 
g-ti #i J ->J J ‘-^d OS/- £jj-i j' 0si ^ ‘ ^ iSj? jS^< 

,0»-l L j\j' { t J^-j> ; jji jA (_$ljl aj go ) 

6 £b—1 a— I ^k— ^jj lj Lr ^jL* j .—. A jS"^ : J»- 

1—> .J— 'S^jA ^yzp .—O. a_> lj r-0 -z I ol—iX>v« _> 

:,*jjb 0 Aklj jl ^1 

0 = A0 = [edt = -kt 2 

J 2 

jjSl— oJU- jl jljj) jji l£j <_jl^ 


t = 2 -Jn/k i-U)^ A>tjS aS 

:L o—l j»\j» jl jji jji tSk jl j OOj- <^1 

0 = kt = k{2^nfk)= 2>[jtk 

0 S ^4 ^j— J ^J 0-0 Z J 0 (_£lAAiJj* (^lAkl _J <(_£j? jSj* k—jj oJ— Oj —j jL» — 4 Ajjl j 1 Y Ajjlj O 

. 0—1 Vg=v cosy aS" «X) JSLi jl jj^l jktany =L/(2nb) k-y aS 

, SJJ j' cosy jjjjl o—-o L. . v = -^— = -^— :c —Sb — *\jp- Y-n Aklj jl t) e = r0 = b0 .OiSLij- L O 

cosy cosy ' ‘ ^ 


u = Ibjnk 


i|*jjb ^p-jp^ jji jl o—tSl^d 0 — 2-JnT ,j— b L j tany 

I—- V l'} +4n 2 b 2 [F [Zl 7177 

Jnk- -= J—V£ +4ttV —1^ 

2^t yn ' ^ 


.AA^jA 0—0 Y-W Aklj jl —il— (^lAAjtJj-* 


[a r = r-r0 2 ] a r =Q-b[l4nk^ =-4bnk 

[a g = rO + 2r6>] a g =bk + 2(0^.yfnk)= bk 

[a z =z = i)J a z =^(v z )=^ r {v 0 \.mY)=^{peteny) 

at at at 

= frlmr) 9 -»JL*=§ 

a>«0 aS (OS^ Sy JS <_jI— jlji* jjjjl o—o (^I^j lj <_jI— ,j\jk*JijA ojS\ 


a = J(~4bnkf +(bkf(~ 

V 





Lai Ja^cil CSj> Y-Y 



a OlSo 


‘X-f'^J—wU Ojuh)) (yjj&AJb f 'Ja <jL tlf^ly <tlimA I oJlpij&J lSJ/?i0 gj/ytj ohlly (jlthA Z )Im*I y) L^f/A <tf / '(jOj&WJ yff © 

.Jjjfjb (Jyf'yl (J/i^)y 0 ly (HJyU yf) <-JU ‘Mjb /) -Ml tSOy 0 I Yb yhf yj <0 tUuijS YJtb iwu yj ly L ^tf'/jU 

■»/u t ‘ I . — mJm P < tan/3 = alb (jljl <o <tf'#jfl /bt& <u 9 ^<j$ipi («?i# (J&* © 

Sa r +b r 

Lt> L> <L-f'y-uili(jc fj i/ii* (jbtJI jfyA t-Syb <V (jSufi ‘if'iZMil *£)?* (Jif yl <tf'' / phJUj> , O r (jiit L^u>iU 


© 




Cil jj i-SIjL.:,._ f>j a 


L_j ^ ja ^l.ja ^LLi j ^ Y-m 

•ala a = ri- j-ok m/s 2 j v =-\i-rj+Yk m/s _Uj 

(^Ls^Jl £-U~i j V jljju j a j V ^ *jjlj 0 .Jl>loJL£ 


.XoUJ ( y :i xj I j -LiL^ jL*jj oJl*h j 3 *S p 

0 = viA° j v = )/ev) m/s 2 j p = a/o<\ m 


■lXJU j3 Ij A c^- (jL-J JM , P jlalj jtfT Y-W* 

Lfi 1 —d J j jby h g-UJjl jj u ^yiil opj-L 

iSJj-^ Ol .< a:> L< ja OpJ* (_glj—; Ij ^Ixkilj 
.-l~£ jL ( jljl OS^»- 



‘*g-jjjl—•• <-j ^j—*ja <L—-j Y-\V\ 

*—> <!ljl—-I i_£j Jja- i-£j> ja Ij a j>- 

jl j_*p fl&A <J IfSlj Op^ j VL vjjIj jjt 

yl*-* al ji»I jj il^jl 4*Jj* j «^ o m/s jjljj A <ikiJ 
£*J^ yV g cosy ^1 j, Jai; ^1 ja ^r— ^ 

4j ijLj-ij j^, y = i • ° <ijlj j o m «olji~»l 

•JI jA*i oAj jl jj*p ^l^x* 

a = Yv/o m/s 2 ^jl^ 



r-m hJLLwm. JSLi 


^JjLuwuO 


Jj-J LoJUU) iJjLwuO 

O-*> ^.LsAi ^,0*0 aljU Jj P .ji Y-MV 

a tjtLi <^1 jla aji t <li»J jU* ja .o-l v = ii-Yj-k m/s 
o-i 1 j J 'j js—• P cSL^' £l*-^ .j—il^ A m/s 2 jloi. ^ 

••Vsiljj Ij 0 Op j~« t/^ljjl jljt* j •ijS’ »_jL 
p = VAV m J t) = V/OY m/s 2 v 


--vP 20° 


¥• 


Y-I^Y^ 




* -Jjl J —- I—! O J—JaL jl ,jl< Y->*\A 

t_jl— 7jj J^Lji ja a- 1 —i #ala OLJLI alJL^I j> v.= \ 0* m/s 

Y* Ij J C-P J* Z J y t X .33^ 

C-ajl—i» t5jj:—J jl -J—jjji C-—-A# ^LJjj jl l j—.< 4-JU 
.J^S . 



- JSLi 




<\T JSL- V-Y^ 


ojj .3 JjLu<o 

j~ _ . ^5L_, V c^li c-P^ b P Sy£ aA* Y-\V£ 

Lf -^ ^ilj !jjj *£ I j r ^U-i <j ^Ljjb 

z j y <, x (jUi —«]y a —il> 6 = o 1 1 = o y j!\ .x-£y 

.Jj jj 1 C^>/JL jUj ^ lj j C^Pj^i 



P-IYf <li~* JSLi, 


OjL _j <!-*£• j~* L aS* T—\V 0 

^1 l£ jj—t 0 !0 - K 

tlM Ji*—J ^3 <—» Cm-mJ/ = c O^Lj jlj* • L »»->l olji 

pji j c^p^ ^UpjlaJ! ^I^jLp .AuS’ l ^« OS' j>- 
aJ^J ji / ^2>»JL« J* j} l P »-J»l 
V = yjc' + A:’/’ Sin T P yj\y 

a = K sin /3V AT T / T + 4c T 



|» - —. >• ^Laula- ^Ij-j ol—IJJ t—Wt 

3 '_>b_i jljli* ^w«l>u4 C — j^lk« .ii £'jt oilii^l P 

y^ rji 0 =\. jt 3 =r.° 4 _ 5 ^I^J ^ IjP^ 

Lj CjLjJj 4_j1j .J—Jib 4 _JIj jjjy* jt *yji 0 = Y • j 4jj|j 

ijljjj JL»- ji 4 —jIj j—) 4j>-ft) = 1 * ^l<jjlj C-P 

^Lj ( ^k ^ AP j AO t^Ujjb KlSy jy Ji .C—I 
.xJL^ 



P-IYf <li~. JSLi 


u 4_5 ji^. cSL, ^ ^_ji <j r-\vr 

yjj- 3 ** jIj_ 1 jI jj J -J-y^j-A 9 =ft) C-jIJ C-p j-» 

tj lj-. (^l<kjtj .i>Ji^ *jli z = z. sinr^ nt ^jLu c-S'^a- 

T i.» *—; ...o 4 i .1 jj ^il_j A>dajLi i_jbJi jl_l£* 

C-Li/I .i.. o oiiLx^LS"^ .jl_jjjI O-j-L 

.xib^ 



r-)Yr jsbi 





r-lYA JSLi. 

t h jj u Oil—i op j —l —j ^L-J y, Y—YVY 

. • L# -iUl OaxisO t£_l jJ I J b *J j—-• 

k»ljj jjlij Ijil io-Li jiz — * C daH ji fS’ ,_5jlalj 
jJ jlalj iSJj-^ ol—^al>u« ji Lw lOP(_5tA<uiJ y> (_gl J> 


J-J I Jl D„ OPj——> l—l i A <lajlj ji P (_gl»_jljA Y—YY^Y 
y — z *-p *->%ju 0 jj coj—i Ij—>- f y^»j jl Y o • km/h 
jlj^-i .a j-S £jl */A m/s i—ilii j Y o° oili <ijlj o>*j 
Op j-n .aa £i—~ £ *S 0 daii ja J ii.~4 jlalj Ja-iji U-il ja 
^ j, jl ^Ij^- jl ^ <JU "V* ja Ij P 

•i~£ IjUj dasJ jl (^Iji Ij z J 6 if" J «ajjl C—< Jj (jloljO.1 
j.X-,y ol—,_S jj Ij Opj-- 


Jfb' sin ' £ + h' 


yj'fb' sin T y + h' 


Y-\V\ JS^. 

jj—P%a ijj?- (^l— J L j~jl jLaji AjL Y—YA* 

. Ja 1 jy^ Q = Y • deg/s Oili (jl-^jlj C-pj-. lOja j^-p 
O il_J (_$L — ijlj c~t-j -a I —; OB jLia J ( j—><■» ja 

OiLi jlj;_. li jLajJ jl AB o*~i j *iij VIj <j) = v deg/s 
a jj_* <_la>J ja .aj—jl_i OA O ■»..,■■, '> *i C .-—1 »/0 m/s 
y_alJu .J—ili^. AB = 1 m j OA = *{ m i <{> = T>° (J & 
.J±S Ij jLajj ^IfLl dajii i B j opj«*> 


r-YYf <11— JSLi 

jU-lyk OPj- A-YVY <h-» o-w»j (jlji Y-YVV 
j' o—S S—^ L> P 

da>J jl ja Ij <j) j Q i R j tij*j l y i »j jl j»Li lA^ 

•aj£ Jij-^ A^*Y Jjj Ij C-*j-> -Li? l-Li 

‘- 1 —^ j r J 4 ^ Jjj b 1*1 o-~* j 

.(•J~;L*J jij^aJ 

B = Y *m m/s j 0 - A/AAO • _r ) rad/s v lj>- 
Y/.^rO .~ r ) rad/s 

jLi j 4_iij *YlL> <_^iil ja olijj (Jjjlj Y-YVA 

•ala jLU da>J ja jj ^aj^p jj 5 ^-* Jj=- ^aj-i^ 

4 / = */o m oU j <j> = Y • deg/s ^<j> = r*° to j_i 

Oil-i j Q = Y* deg/s j / = -*/T m/s 2 4 / = */Y m/s 

••A_ji P 4*ia3 3 jljXa j V OPj»* jlji» .-Lili^i 

Ij Objj Ja—» 










(J^l j'S y—J oS y T-A ytJu 


(JUi^jl jti ^yjjj c*Sjs> V—A 

£>y-— i O b b yjL5 (_$l—a>jy>^a s—S yl — jl oito—I 1) oji cSy- y>l <1 bJlS ^l^.t..^ y 

al^L—J jl 4—S’ 0 ~-J Jj jl£al < t,-t. ; .o. & lal .- 0*11 y« yZiia lj .i.iyS y—S '*r~?S ui' ^ yUvyl— j iJLs-y tyl»*jL>- 

<_; C ~— .J I 4 JI OS'y~ <S JJjb ay>-y (^jL—» y^-Uf* Jj‘I—^ j »iliol OS’y» oJLaLL* ^1^ OjU ^Iaj y»*a 

<-~£ y SyCj> oLai^ iy- Jiiw OS’y- L *S yal£u* U(_$y-SajljCl yl .0—1 ^ail— jL— S y>Ua OUalaO al£—J 
<_*‘ w ' L> y’JJ yi' .bijL-ya ySl— lj ^ iyya Jilaa OS’y~ y—J aXyb 

oLaOxo cjUtSil 

(j-d' *b»yl—** ^ y*^-* OjU OLobO al£—,1 <_Sb 4 j 0~0 i_S y>— oLaXa^a el^OO OS’y>- 

J_lii 4 latfi jl .Jjlj_j yjSy>- I i» ji i yby< y*J* 0—1 <Jjl y~*<yjl elSoa i ayjyj i_SwLSb ji C-jU al£— i 

ur^Ji C~^r Jd 1 - 5 J-& *k~* J> *Z vOs/ J& y yA&O* y» o\yy ly Culi al£—i ay-Jlfra 

V * •' 0-^*j ^ yd^ oUi^o el£—,> o—l y»IS ay—j aj ^Xy JJt—i ySI ^1 y .julL 

Cri*j JJ~^ Ji ** ^-Ua^>v4 el^—i t( j-aj jji Aa Uajlj>U OS'y- ^ly ,ia_/ y-.j OS’ys- jl j aOi 

■V- J— ^ j'j' 5 J C->l—J OLalaO al^—i jl Uajl— yj OS’_y- ,^ly .i y>y J~k-4 

.jjb <iOa 4 j Oal‘ el^—i yala^lil yalyL; ,iieiU—I 

ji aJ_— 0 jl-AJl OS’ y- .(*Jjb Ory d\jji ^ J Os Jliil (_$ljb aS yea -y ^IjaI^OO Aj yl>w y»l ji 

slo— y_jl U;I y 4S aOiV—>W —J—» ^L~>-l (XjLo— Ji J-AS jl 0-V yL>*j Ji jlji J 

*^ry as^Jup js y*~> oSy>- J-L>J 4 j yOw^ O-a—i y>l ji .xSy lOj O—j»l L Ul y»L>- 


tSJ ^Ji 



r/ 1 y JSL& 


Lj Si>_ y I yo> jjk *j B j A »y y *6 y>,y&> j* j yS I 

JJ-W A_» A-W jJSL— t»U_—Ly» JaaJI yo oSy» (_jljb ObuOa 
lj A O-Sy>- J aijS J-aaL. B aji lj (jlji ^) Ar->> c5lAjj>^ lo. al yii 

*—{ 0><—— A O —yy J^y-i -|» .» 'S y ajLJij B cS j->£a C.—3y* jl 
A# y^a Aa A/B .y-aOJl (jl Ji aS I r^fl = xi + >j L o—l y)y By oU» 
^lOJlal ji S—S\j (_jl_*yby .J—— lay* • B L-j < ...jiLLa ji A# Li t B 4_i i~.. -..'• 
al£o_o yj<_S jo^aA oU« <yj*jj yirjl ojjUy j^Ujy>^ 
el^L— i A-I C-—O r fl ybj_j L) Bj_Ika O— >O y .OJj-iy* y-S ejljOl X-y 
jby_j J a — iy A (_j_Uaa o — - S ya yjl^jL; .iyiya tJ^Oi X-K O-jIj OLaals^a 


•^j^Lf 4 Cxz* 4 Jij 


r A = r B + r m 





.Joj^ c—-L jxJL* jL ji L j Iff -tjUj a> o ~J Jy OjLp ji (_$ j$ Jz*L* jL (_C L jj^TI 

r* =r s +r^ B L [ v>i = va +v,w | (Y-Y«) 

*a = f B +r A/B L . [ a A = a 8 + *m ] (Y-Y\) 

I_ j j—> I y \j A iC—- jI x-y *Sj->^a “*—! *-£ ‘ 8j' 5 ■ij—^ o . y jl tY—Y • ■*—Lajlj _p 

t_jLj. 4 fijly jl u?** ^ B *-> c~—j A op‘OjLp .jO,/ r^ g = v^ B = xi + yj 

oi' ^ jy>“ <-SWi^ (j"-"* J' 1 —-I B A; O.—I A tjJ OjLp ^jI r^g = v ^ = xi + yj y\y \jA 

L fXij IjLju) Xil OjJ—; j jlji* j»-A Ijjj t X~ Ji ^1 jb (_$Ia j\iy *£ Sjm j A>-jj *s£i> 

^ ‘“^cf 4 ji5*j obijlxi4l lj a£> t^Ujb^ <.^ LS » 'j ^ry 

op cSj^y a> jyy aS - Jjjye y aS" xS^ OLj (Y-YY L) tY-Y* aUjIj ^jLp a> 

. B 4 j 0 -%-a-J A(iw^L^_Jj L) C-*p oj^bj Bo ji (jjlla* <y\^-S> L) J} Ua * C^p^** L 0-^1 y}y Ao ji (j ^JUa * L) 

X-y<S j->% 1 a ol „^C >tA olSu—4—j J—^feLi b -^_j aS' C—*»l ^Ia-L*->- (^IiJi L) c^p^^ 

jl J 0^^ jL-jj (^^iaS Ij J l5^>^ ‘JiyJS) ^ (^'^Lf 4 'j c5^ 

b-S"j_>xl4 a_j J_»AJ ijJ——*1 >«j C^jIj ol^lou^ l^xJuI aS" XjS *^-y -yy^ o^Li^l L? i-3 ^l^JL>tj 



OtaX^LwyyO 

AS' j jlajLo_A .Cwl ^jLi>-l 4(jl Aj lSj>*Za oIS^I^j^ jUa^l C-^>- B aJsjJj 

<Sj-j>t1a ol$^.,-,.*»0 (JU^LiI ^1^ ol^ (> y* j^» A 4lad» jl J^l^ 4 T— 


-Jj|^ ^LJ C-aPj-^i lS y>xiA ol^L^^ jJ*l aS' O—*»l ^jjl ^*~ry 01 aj JjL ^ y* * j C-*S^aS* aiSsj 
>wj ^jjl j wLaIjL-£j X-y C-uU oji u^lu. L A^*y ^Jlii>l i*S j>*2a ^[ajjpu* oji ^lu» tJLJ»L 


<>^y ^ J-*^a 3 j2 aS lj yy> O^^ 

C—ili C-^Pj—> (^Ijl^ aS" ^o^Uwl AS*yt*s>y* jl ol^^y* tC-oU Aj 4^ ^llo 

oL>jl^j Ij ^ j\£> ^_^li-o aS' ^JIai)I y 


.r r v 






(JLaUl ji i CSy> Y-A 


Y-AY aJ^xJ 4JLmma 



: r*jk 


Ji^ji o— aj A* • km/h b a£ A ^yL- o^- ^L-jI y> jl—* 

(_$Lw!J-J* ^_j j ji A-S” X X S’ ^ eXaLXo Ij Bj*->J) C. —P- jljjJ 

10° 0$p- jiB^LwIj-A A_pbo a_>-^I .XS - ^ jl jy Jii\ ji ,jyJL~» 

Ajjlj o>*j Jijlk* Ij B (_^U-jIjA A^U-jIja jljiL~« C-^l ^j-i b!L— 
.x* yyu IIj Byi Ij op y .xx^ ^yl—« ^L-jIja jl jxi jjj JU- jj V° 


A aj i Jy Ojy> olx^lO* jl jl aS" .oy t-S” y% i» ^^ i^b>j_p— ,J>- 

.XlJ-o 

Vfl= V A + VflM 

<ob v A OP r op- J ojlxl .^Jy y^L» Ij J u^b y-y 

"\*° A_S” V A / B (_5-b*j A ji <S j-sO jlji»l—> Xj jl By —I OPj— ilx<l .0*^1 oXi 
jl ^j_- A_| L*-lj-Jb a_£ 1 0° ^bJj Ji ByS\j Opj— j o-l pkw ‘Xib^ 

ojljul jl XJjl-p <£ XL »y ,yL Jjp^« Jj -C -I y-y* J> XSy cJy 

O-X yj Jjjk A- jl J> Aj jlj^ Ij (3y l£j'^ ^• 5 ' A * • V ^A J Vg^lpPj- 

.Jjjl 

L« ^LL b v A ^j b P oIjs^Jj AJai jj Ij ^jb^j ( fc*jr ji (I) 

( _ rr - • r 05’ L /> ,*-J Vfi*t Op- Oljl_p Aj V^lpil jl Ij Oj J ei/ £jj-i 

<0 _ j| aJLO— <_jI j_>- a _jlSsj a£ C^klX aLaj b eij£ (*-— j B jl Ij Vg ilX»l 

^i_A»jlxl j «j j_5” J-^b" Ij LJx jbXlj:^ Aki jj! jl .xj o—x 

.XIjj^L* jjjl jrc * 4 ‘fj ^ 4 c r '^* 4 b J^P * 4 


u BM = 586 km/h , t» B = 717 km/h 




»jM ^liL. kjljj b o^jS - |*-j Ij (ijb^j dJx> JSLi (II) 


—^— = —^1— Ufi =800^^ = 717 km/h 
sin 60° sin 75° sin 75° 

•(OS’ c /* jL ^jj ^jb^j Ojp> aj Ij Ippj- j j iA^b (i^jb^j jl oiliol b :jjLji jp- (HI) 

v A = 800i km/h v B = (v B cos 45°)i + (v B sin 45°)j 
v BM = (v B/A cos 60°)(- i) + (v B/A sin 60°)j 

OXb p~a\ y- i j jo*>bp- <j\ y Ail^lx^ jjk Aj jl Jp- j y*J> OPj- a)jI*« jJ JsjIjj JjI jib jlj3 b 

(i o5lp-) v B cos 45° = 800 - v B/A cos 60° 

(j o5bp-) v B sin 45° = v B/A sin 60° 

.Jj\y O—X IpP^— ejlXl (3 j 3 oViL* Jp- b 

u BM = 586 km/h, v B = 111 km/h ^-jIj?- 


O 

0 


e 





(JLiijt Ia j cSj> V-A 


a flM <—jb-i _y j jl (_$Jj jl .C~~J e JLi 


(•—>J (_£—» t-jb-i J£ji Jjlki v_jbJ; (_sUjta y tUi* 

:*y x*\j>- 

(a m ) x = 1.5 cos30° - 1.2* 0.0990 m/s 2 
(a m )y = 1.5 sin30° = 0.750 m/s 2 


a B/A = yl(0.0990f +(0.150f = 0.757 m/s 2 


lSJJ J 1 J 

•Jjjl C—Jj U^—jl U \j jl j oJjS" ya^jLt *jj\j L j\y Lf » I j a b/A 

1J °' 757 0 = sh rf^O. 5 )=9 


sin (3 sin 30° 


I 0.757 


97.5° ^l f 


JuAa Ol 5 o 

>)Uiwi (VV<y /" /rf <t (y^v ( 59 ^?/ O 

./uf / '<z*S) \A‘ — M'/6='\Yl6 9 AY/6 ylpu 9 ) (yj <^jliijl y ) q 

a B ~ 9 Vb/A “ Vfl — (J/ji 4/ /, fjiiuJ C*J/A ,(jbyAiSJI) ))j[y )Lfjjiu) .(S,b/> <Z>D)Ut ZjIuuIm b (jtliil (jlyj t;(fLluuJ 

./jUJ ZaM.UU, (Syb/J hj 9 y (yj b D MlUJ ^JJy (jltJ/V tyb 9> ly yl)^ Lfi pA 9 S/i/A “ &A 

d-UAp’l <0 <ZJ / 9 U> <0 ly gfA (jLt, /9 AA yjf .fjji)/pJ J^UT yl 9> yj- (jl* /9 AA <tj <JUua/' zJ'fA JjbuA (Ja (jly Mf kill G ,/£ 

9 ZAt-fiMJ (jlf-U yjjyj ,yl 9 _> tfUt. /9 tu <tJ cUmJ 9 ZAZyM, (JLOOUa /ttibyAy) 9 P)/^ (jl /9> (JLi// b }jj (ftf .fJJ# *)/JjfiU B 

•>/ O-K (jLi/ ,) ly yl 9) (j!a /9 aa .pluuj .pif[y oJy Ab tf'yb) yjA (jlbyfH ;l &pij (Syf tylpl t pGw 










Vf J5l— Y-A jl?o 



r-m <11— jsLi 


L. o^U. J\ ja JUJlj;^ <S jX Y-W 

o ,.1 p o —i iXL«j OS’(jj-i o— ■ o ^IjjJ "V opj—> 

j;—* .jj<-* j>^-» <—<* jl ifr <-& 

jj cl—-jj *S O-I JjL* ^ * t fl Lr A jl t# iiS' ^Ij 
lj jl o^>- j Vw >-- , l jlj_pr Op 4i > fc i{ OpI-> Y 
.JXT jjjjxl sjZcs- L» o ^>- ji JL*-! jIx*I << O—— > 

N(0°) 

I 



r-m <n —jsli 


Jj v A = 1 m/s op^- Lj A ,/L^ jSjjL Y-\W 


OjI-Xa J y- jlS*^>" L lj .p »«1*1 tilj jl— jlXtl 

p *5 b ( 5 ^* ,^ 1 —L CX *jj\j o- o>«J .XS^ 

j_jI^ A jl_< <(_; o-_—j d»p^_»« YjOL,^ ttjli-.il 




r-m <n— jsji 


^ A J_—jll tt j— i t jIj jl— <loJ jj Y- \ ^ • 
t C .U»- jj .xl—^^* ®* km/h o^li op j —‘ L lj (_glt^jlj 

^IaI—S” ojIj y jj A km/h jlj—• Ij lj o s* B ^^Ay\ 

B J_—^*1 jJ ^Ul—j i_SLj J_O jl lj A J— y\ 1_illj 



Y-M • <11—JSjl 


ojij JlLuO 

lAkm/h^Jp J^toA J_-yl cp^ 
jl lj i J_—.4jJl —IxS j opj—“ .xilj^* V m/s j tj_^j 

<Syjy& ji t<o—— ^—£Jb ji *S B jUlj Xj 

(_jl4_jjlj tlPp—i .X- C j T ^ ■■«* tXMj <ljlX ^jLsr-y JX-tf 

.xiL^ ojU j Q = r rev/min L^li^r 
VA® = Yy* *i+Y/« -j m/s —I y 

aw = r/iri+./iYAj m/s 2 


r-nr <n—jsji 





i A JjL* Y-\W 

jl-L^ 5 *_uLuaj j jl^5 VY * km £Uj»jl 

a i Ij .^j!i jl^5 Y**\ * * • km ^L£>jl j$ 

ji 4_jil>- ^ »Lz . J. *S s—>L~ p- A ji jlji ^bU 

jj /? = irv^ km ij ^U_i j go = Vayy m/s 2 ij ^j 

aa/A = »/YYYi + A/Mj m/s 2 ^1^ 


J' 



• jf Y* Oa j—» L< <JjLl* jj j_jj JSL.J ji Y—\ 4A 
•j—; .ib jLJb ilxol ji (\/aoy km/h «£ jS) ^.L-ji 

■■*—‘-£^ j£\-* '-»A* <Jj- tj Ij jS\j j *>J OS' y- 

OPj—i .ijl Ij OC *—Jjlj I—jj_A -Li )a>- L l_SLl_i ilx*l 


jj-»l a —> OmJ i_SLLi <jjlj j Vo m/s Aj o~—> i_SLJLi 
ilj-i»l A_s JOS OS’j>- 4j>Jut> ji o£lj I ,o-«l Y • ° 


I j O! A—jjlj 4 Jj I—'■—<i»>J ji jjlilii* 


.JL '£ s_jl— >■ 9 = V° ^1 ji 

JoA. 0 
/ 

■■ 7 

i 


\i 



J-3 Vf 


Ji ^IjT 4-.Ij3.jfn OAj— L AS jJ£ Y-N^t 

*£ «jf Y Op j-< Aj jlj j>- i-£j Ij 0—1 o£ y>- ji i_j jP Of>- 

ji (jOtS" .XS^ ijj>-jJ tO—<1 OS'j5- ji t_JjJ*- Aj JL-i jl 

4_j o . .; i£s* I— ji) -Ui^ jOji j~ij" ,j^>- o- 

Jjl» OX* <>■ »jlXl Ij <_ilj»»Jl o-ji ,jjj^vS JL-i 

Ij (Jj.l-j.ji JjLj. YL oil-. 4 -JjP o^>- Ji (ji^S - U -OS^ 

?X^> 

A A l a.i jl 4_Jjl Ofrj— j jjX v—J'I ejiai l^j Y—\ ^0 
^ m jl O—; Jj-* Jj 

Lj 4_J (j-L»< jjl (_^jJL>- 4_JL_t 5 A l ad j 4 _ / i_j| o jiai i J» ji— 

o—l o.S' jp~ JL>- ji (_,—til »ljf jjj ji \ • • km/h Of-j— 

(J^—«i JjI la * i ilj * *l I; tjjlj jfl .XS^(j< ijjS”jj 

O O .... J Ij *-w t_. o jki ijjA-jJ 0 *j jl j iXiL 0 • 0 jjI^ 

.JjjjI O—X /I ij»A Ja>- 

9 = YA/V° i j^a jj j 4 _j| j>- 


JSLi, 

(Jjj Yl* km ^Ltjjl ji jOj »jIjaI_4 ^j Y-\V\ 

Op j—J (jljb J «J—i «ili jl ji JSLi (jltjjli u?lai jlJb liC 

j-la> ji OjLj a Lt j a_S (j .jj jSj* tj o—~j YV^i • km/h 

*—> 4_Jj_l>- jl a jl J*l-J» .J iO—I oJLi tli £ 

jtLj i5Lj j—j jl Ij::—-I it >■ ji j oijS OS’ y>- JU_i 

(jjlji—I ^L»—i Yo—sr -^i- 5 j' 

• /vy<U> . _l ) rad/s j— j jlojlj opj- j lYVA km 


Y-nA<il—JS^, 








V& J 5 L~» Y-A 0 iJu 


j!ljs_*LM ^LwIj_a /IY-Y^ < 1 x~« ja Y-Y* Y 



.t e-i4—j a^jIj jA r km/h 

L> 

'S'j~*> 4 xjL jA ji £ km/h ^ 

jj Ij /4 jtlj <J 

B 4 Ja^ ^^LaIS' ^j^>- 

(j3) aj jij j ^ _>■ m/s 2 

•X.jjl X 

~ «a»«Aj 1 J 5y !*»ejljji j! ^ jZcS^^rt 

oaIa jUD vX-j 

ji <, jIpT ji ^ r~r *r 


ji >—->j-j »Xx£ OaIjja) fl ^j^jjl; *X» C—**Ap Ij »xi 

»X_jjA C —-Ij C~«— <j ia>- jA IXjl ‘(^I^JjaI JLjji 

ji j X-aa^ j~Xj JSLi J^Ua* L> ^j: P <LiL ji ( j~w< j 

*—*IaI aj_>- OX-jja *—jVg = V m/s c^Li d)l jjt l; aIxuI ^1 

c^j-» Lj Ij (<_~i^ cjU>- ^;) £»lx* .xaa^ 

4 -jUjj iAj iS^ P <Jo£ jl aS - ,_jl<la>J jA r* m/s^yiil 

>J-j J Aj_-i ^Ljjj Jbl—I 4_jjj Of <ljjlj .XS^ 

jl .XxS ,\ .-..XJ (—J j—> C~»L jA «ia>»] jA Ij B f j£jj\j <j C-.~-j 
jlx* iSS j>- 


a = r Y/.° _j v^a = YVM + yvM m/s 



^-^•r <11—JSLi 


oY- km/h \j* Y-m 

£j\ JLs- ji <S Ij BjX-,y& J c—-I jljjj jA ^iil Ojy. 
•Aj-, r = "\* mjil^ Jjl» j?l .xi^. Aj>- L iXil^ 
jlxJu xL ^jLjIjil <_Jli j—* ja *a-ja 0 c-jU 01 j^4 Li 0 j 
6 = ^ o° ^—S’ ^l-kJi^J ja Ij jX^ a v_jLx-i j v c_«-j— 


uii* 1 

Oa = Y*nkm/h j a B = */iov m/s 2 ^.Ija- 



P-m <1X~. JSLi, 


0 km/h oijgc 1, iwiyk Y-m <ix^ja /i r-r** 
jX,yS <j J^az> J< 1 £ Jji» j XL jXIjil ^jiip^ <JC ja ja 
4AAjfjLj (C —.1 CjU 0 <_SL»IaU r ■ Y m/s Coli Olj-. I 
.JbjjT c~«x I j 5 jX^£ i_jlxi jlXu 

e*• km/h j^jai cJio*j- LA ^L-jIja Y-Y*\ 

Lj —Ojl (1 )La jA B t^L-jljA j eAjX jljjJ JLw X~»—< <; 
.c—-I jl j j _j ja 4 _j jx>- fj 0 • • km/h vXpj- 

c5^J>^ O.—> Ij B (_jL-jIjA O r (^jaIIs L ^—1 C-fr 

,j-x>«^A .xxS^ j —***j iX—1L oj—t JUJI A jj *S 
•SjaA (^Ix-IJ JA Ij BfJ jAlt OS’jS- O h jAUp CAj^ jIXu 
£L*JjI ja ja LaL-jIj—a j?I .X.;^ i_jI—»- B ^yJlj aIx^I jj 
Yc-IIa^ Ojlij Li iXajS - ^ jljjj (-Aksit4 Jj iXoli 

o r = <\Y£ km/h j o„ = roikm/h ^\y- 



Y-Y-\ < 11 — JSLi 



- Y-Y»1 


j j\ j3 o-Li ©ita (jUL) o~o j-* ji B j\jJ^ i A ^1*-jIja 

j^> .s~* J lS * v b = a • m/s (c^li) ^Jb- c^j~- -u 

j U/\ = o • m/s C- $j^~ c^U c-p j—^ 

ilj_^l Jj 0?p- £j^i t(t . ; i:^» Ja>- Ji jlj^j J,X* jl ^-j 

..lL.*^ JSLi JjUh » Pa = Y • • • m £l*-i o jj-u ^^—• 


^lx j L_J O/- cup jIjl 

. JtCff s _ jLwJ>- (jljji Oj-k \j&z * 

(^iJ!) v^ = o*i+o*j m/s 
a^® = VYo*j m/s 2 
G-0 i) f = •/AAi m/s 2 jp, = oyv 


1 Y ^Li-jl Jj A jblj «_, j*-^. ijLvjlj> ► Y-Y • £ 

<j>js—• li Ij J^*y* J <_**»' ^ iSs*£4 

<-> L_«-j!_ j_k j_<l jblj ^ybljil y> ji >/Y m/s 

1 jlj 5’ l5 * jljj-j ^ A km ^Lijjl ji A-S" (j^i* <_$ y* 

A 0 = r.° c~*iJi /I .C—I .J_Ji c 5 jj -oLb 

i 5 jl-.fl jljj— { c-jLJ —- j ) • • • km/h j ;!jj 

v_ji—— >• j-,\ j*\j 0 j r y_A-kA ^ o • • km/h 

.JUtf 

r = -.nrvm/s 2 j 0 = WVO * -t )rad/s 2 ^l^>- 


■ Adj grfc - 


c*p j .* li Ij v —->jj (JL^w ij^ Y—Y* 0 
^ijL; aj <jjil ^ — j Y** ^ t) 0 = Y** m/s aJj! 

*/^ m ^y aJj! c-*xjjx B ftjc 

^^ «^aj ijta blw?^3 “ S i 

a^j j—* C~j\j C-P j~» L C^Jja jl <j j * I j 

1 J < _yj£'J^t B ij&J l-{ (.^L ^j A—J^>»u A>-^j Ij ,JC>S^ <j-bji 

Aj ^S* w—»1>«IjI 

fAJuj\ ji ^Jj-j <S c- ■ » «{ ^l>* ^ C-axJ^« 

j <Ls >.JLtlj Ali^ jl^J jl Y/^ m 

.X±S Allj? ^IaJo>J ji Ij B ( j^J jL 

Va/b = Y^/oi-U/Uj m/s ^lj>- 









VV (** olji I.U.0./I cSy- Y-*\ 


m i 


r-M jsLi 


ffrfc 4j Jy^Cy Q olji JuJLo £*SJ> T-^ 

(J,\J> J Ali£* AL—jIj Aj ijL-^ *i L> ^l^Xi ^~*y olji CSy *£ ijb iyj y 

.j*J JJ~\ <_jl~>- Aj I j L*J-J jjj! Xl Lfil Aj aIojJjj* jj—*j 

4^JJ u£j 

^Llxj <^-l_. Ja_J^ aj Ij B j A #ji ji *£ siL- »-^i Ijxl 

C~*y Aj (Cii ^ L Asp^l .<y.j$ y j£> J 4 Y-^<\ 

oil ^ Jt_X (j-jl jl LX t X .- t b^o B \Zf y ji /l^ybl iZf y a£ 

^_j«JL>^j JJl—4 aS' jLLi Ij ^Ll>«j yjj L o^l fc X 

ol^_> if—> l__> 1^ ^jlij ^ bL* a> <1)1 y^y- 1 ty\^~ ‘Xi x»l^s- ojIjLlX 

.J—ib^ <1)1 «j—»jb^« bbS"j>- XjL* 4 Bob’_/>- aS - C—4 £*J»lj .i^ 

•(*0^* O'Xl XjU (fry *i X-r- 1 by J x CjLo^a ^I^jLj 

:L c-l y\y^ j?J> 

L = x + -y- + 2y + «r, + Z) 

: jl XJjLp d)Uj a. c- r ,... » Ak»l j jjI j Jjl jiX« .xz~> c-»li ( _ 5 ^*> Z> j Jj ( ri <. L jl y *£ 
0=x+2y b 0=V a + 2v b 

0 = x + 2 y L 0 = a/t + 2a B 

j^«jb <j j xJrL B c~s* j~» A c~t-y C^yKf’ JjL ol.(j:>v k^IsJ* j y oViU> jl 

(_->• C •■»■>« <j\) a =X aS’ j'r^' t$L>^ ^r® J> p^- r - 1 Jy* oViU-» ij\ y 

.JLit^ C-*i» l l^i^ a > V B = y j oiy o*i» 

yZiJz j—\aj ji 6jX lj Olji \Z*£y- <y\y JjI; tXjlX \AtJiJi L (JjIS* J_^a Aj *£ ^l^ul jl 

y lyA) <>yy A'B'C ^yiil Joi oJ-i if jy (^UJ S(-\^ jCi (_->■ j j-jL o^-~S ji -(»ciL*J J-L>«J j aj_^*J L^ll 

A_) . B' J B C. ..^ A_S^ j_jlajl_«J» j (4 cfy- jlXl» C—<1 .C—I oXi d)L!Lj a1o>J fj 

o.l—Ji c-li C aIoaI Ijjj .j_jj Xal^>- jl B (A yyr Xa (^' i ^ - 

jl Ij 1— jb_X J (_jlAA_Iajlj 4(l)Uj Aj c. r » .i (J jS <3~~* ^ .3jlX y- (_$lAla>J Aj A^ 

jj_kj ^^-Xdp lC Iw ) xJi-^ ij*y* c-»li JjI^ f->_ (jjj aS’ c—I y-y; ^yy CJLo- .C~i_p iai>- 

.XuoU^ (y^ljl <>-ji *-£j \j Y— ,(CJj? X*l^- jl^i i jy iyl*0 ^l—>-l \Zfy- (0 J 4 

■ C—1 | jib t pl J ^L*J C . . O jj y^jLt !^\y y Ij XylA fj iai» \jjj 




Cjlji »-5 Lj 1o : .,.. j _ ,J-a9 V A 


j-jl ji .C—-i #J—i »ata jl—U Y-Y • JSLi ji (jsljl “^rj 3 j- 3 ^. jvi-c— 

c_iLS'ta_^>- jjJs *_. y B jy A j* <, C»J»J j 4j|jiJ c~*3JSLi 

*—! l - r *--r>> 4 —! jlj—>,_y* b B j A (^LaaJI jL *I 4j ^L^JLIS' JjJa .ijta 

:c~>J Oj^ 

lA = y A + 2yo + C~>L jl-LL* 

= )*b + + Cyc — yp) + c-jli jl-LL* 

)L <l^j ** C~-J (_sl* J 'JL» j 

0 =y A + 2 y D > Q=y B + 2 yc -)>d 

0 = y A +2 y D > 0=y B +2y c -y D 

:c-ib y D j y D <^1*41*^ i_jjb- L 

^ + 2 y* + 4 y c =0 L ^ + 2 u fl + 4 u r =0 

y A +2 y B + 4)’c = 0 L a A + 2a B + 4ctc=0 

(_gljta js j—* B j A jfi\ tJLt< > ‘^bi^i .Xil» C..—* jUj^a <L»->- 4—1 jA c— 4 ^ vi»^l ^J> I j 

OaI_^>- (^jLa) ML 4j JJ j-< C ol£jl tJliL (c—1«) ^L 4 j ^l^IPJ-- 
4^_I OjL L) dy A iLijl j^L*- 4j .ijj\ c—A; lj giLS ^1 (1)1 y ^yt jj D J C »Ji J» J* C-S"J L 

J 33 ^ (j* dy A /l *-i C j* »^-pL j xS - ^ j>~ ML *-*)e 4j dy A /Y ejlJLl <> D j* i(y B 

*r — (C—S'^>- jj j-jl y.jS'y S ' y>~ ML <* <fyfl/Y ojlxil 4 j Ij C £ ja i(y B *£, c^li L) dy B 



~dy c 


_dy A 


dy B 

2 


.C-l O—al y*U OS 


‘ Lf°b • 


i^ML 4 j j 


- 4>V^ JJ XJL. 4S - 


J 0-Ui 4jj^J 4 .1;.— 4 jtAjS ji iXS”^ iJ oS'yS- L Jaulj _j-aP ilo^l jl ji 4^ t JLi 




I^A> 4j tlilji JtJLa \lS y>- Y—^ 


Y-)f 4i^oJ 4jJL*iyyo 

4_i • /r m/s OPj— ^Ijli /l ^1 Jl-I ie-Li eili jUb <jb *«Ji Ji 4Pji 
.Jj*- tolj ji jl Ij aJLl__ 4 .,j~*j Ij B op^-i .J-iL^ jjcd^ 

aS <-lb ^j3>*JLa i J 3 ^a oUi^» \jB j A ,^Ue yy j^ j* (I) J>- 

Lao yy Jjt£ Coli Jjt> £j»j>h j^" 4 j'-Ll ^L ji 

:L C-J jjljj 

L = 3)>fl +2yA + C-jU ^olio 

L_Ao^ 5^5 iao^a L ^a#L*j Jitf C-jU 0^ ^ 

L-» c5 d^'-l v-=Y s .rV J 3 0-* ‘ d ^ li j 

lS **Ob j <j c~~b iSjS J^ 

0 = 3y fl +2y A 

:p.jb _^l <Llj ji V B = j t> A = >' a = , /Y m/s jib jly L 
0 = 3 (v B ) + 2 (0.3) L v B = -0.2 m/s v lj^ 

ji .JL^t# Jji «ili jlij <3 ji JSLi ji C j B iA <_$Iao Ji Ji oJ-i j y jb j-J (II) J>- 

j| o-Li J ~ a 1 a JjI£ OjL Aj jj>- jl-*j >■ jj* 4 ' j^ 14 — 1 (^l-$i>l ‘ ^ “j 4 j 4 j^j 4 

Jbxjl B «ji j 4 ,ybl jlai v_->- C-w *-; ^>- ,jjl .ijb Y<£sa L jjI^j j>- JSLi JjUa* 4 c~*lj >l w 

.J—iL^ i_iJLA* j 4 <_$jl—« jl '-i jb ji ^UwU- a 5 ij-i^ oJji I C-jli C «jij5 jj^- oj'Ap 

Lj .ijli jl j-5y» dSa <j jj ^UwU- y\y^ ^yju 4j jj ^UuU- jl Jai C~vlj C~*—< (jLj^l i B OjiJi ji i^jI^Lj 

‘.aS 4>m*Sj 4-^1 

2 

2ds A = 3ds B b ds B =—ds A 

ib f/? f . .<i.~ L 



jl ^ , 




1^1 = 1^ = |(0.3)=0.2 m/s OIL <,) 


J uio ol5o 

/Bii/je C ? B (jjj .(Jjlf'j^lj (j)# (sIajjI) ;/ Q 

./M/Ufy ])U <-?/b 4 j B LZ^e-fw j£>)fy (jLSJ (jilt c-i^ilc- 0 




Y-M 4j^oJ 4JUmmuo 



<db jl_Jb 4j _» J 4_P S^S 4j jl jjjS' jdL ^y A j yS I y jl 

tJ-Jib Va ijy-^r jj Op j~- ^Ijb ^ ^ •■««^biJ JSLi jj oJLi 
.J^S X u--s-^. jl» 4j JJ Op j~- 4 Vb t£\j> ^jLp 


L -i L> > c~*ijA JX ^*2** L Ij jy$\y c~*iy :J*- 
(Ji^ - ^ OjIS J^Ja ^o^La tC-jli ‘-^i *4 *-•:•■•■■ ’ 


L = 2(h-y)+l = 2(h-y)+y]h 2 +x 2 

OUj *j o ~ -J <j yS t 


:^jb V B = y jV A = X Jab jly L 


(jl&l Lf-ile-\ t/flpljOjlj <_i-iXU djsjlj ’I (j/J^yuMA <i Jwtiui ^ 0 
















wr jsi— 



P-H A <11—JSLA 


c*jI— j — La jIji_l«I y B j A Y-Y \ A 

J_^U 4_j L JjJfl 4_, —-jj la—^ _j Xyly 

C~« 4_j U( = .V C^£-j —-a (_£ljb A oJ—iJji! ji_£l . JjloJj ii j£ 

s J v A t x L.—=- J - ! \jV B = -s iB o*y 1 -uiL c—IJ 

jL 



l J -t' l H <11— JS— 


y a* ( _ # SL- <L. .y Y-YY* 

J^Ll ^Uyb yy oSy- ^ li* j C—I jly- 

* — s j — L < — j c~f-j — ** b A j~* .jl iL^y r ^l*-l 

■■Ar^ yy 0 <ij*j jt-ii* y (^Ijt <j <jy t)« yjL 



r-rr- <n —jsla 


yLi lS'j->£a c —jb OjJi Y—Y\”\ 

jLLj (_^IaC- 4>- y yl>-y L —Ijy yjlj j *VIj <j I^jl Au .—& 

,_Sljb L$-£Lla jl ^1J S' y _^?l .ijjy 'VIj C — <jb t «JLi » ab 

v a,!—J jljjj 1 • rev/min jl y_» L. «aj_» Y • • mm Jai 



Y-Y \ 9 <11— J£<1 


^j 1 £J*—>- J y*J lSJJ j J,J 

- V .Xl»y yU J £j> jL*J» <j Ja^ly <jL .aj-ly »ala 



OjI_ j ^U4_JL. alajul y B j A Y-Y\A 

4 j L, J^k» <j yl *~«jj Ja^jj j Jujii^jA (_gl4j jljJl^li 

< jf jl yulj <j tj 5 Cl x i-jl— .Jjle-ba^ ^< 

il~—«Jb i J_iL OjU A ^—s^p y»j *VIj Uy *SL*5 ja 

•■‘iJjl 










0^3 


o 

j J I^Li. .p-i>j£ qj —x j £j*> oji «-S^ oSy (_w>j; oy !j ^jIx tSjy Y J-^ j* 

iC~-l o>»aI jib- j XA3y I j L? 1S’ ^yj>yt jl jji ,jZSij iS^j 3 . ‘ ( J'"‘ aa J' 3 “•*■“' £ij~^ 

J-^ oi 1 y. iSjjs (£•**> tSbJ^ai *i Cr^'V, j' lP 

j i jb jIXjI ol j~£ *j l ^~~> ^ jb^ <-£j ybj c£~*» .XiLy jb ji ^ybj JOO Y J-jai 0>*y axJI 

j_>- 4_j ^jLajIj^ jt_*j ^Laj^—Oa 4_S^ — 1'\ jlaI j>- ( _^~j 3jly A>bl y .jlXL» oI^ju aj ^_a 

^JJ - 4 L-i:-* Y J^ai y eXi « 3 b £j .i yjj J Jy>l b»^ y aS - X^J" jly yjy Jjy* Of^ j CX*Sy tS^jb^ 

.Oi ^S" XaI y jly ojliol 

OS’ y> fjJuj ojjf 

:jt XJ^U- aS’ Oi/ Ojy> ^y <^Xj £y <U- J^a 3 Jjl y 
((JJUj <-£j) Ja»«JI —4 OS’y -^ 

(<_$X«j y) oJup y Jas^Jl L# l >0 oSy -Y 
((_£JUj <o) Ua3 y Ja>JI y >0 OS’y- -V 

jj3l—A.J la it 4_S O i.i«l yliy tl ’ J Q jl 3jy ^jbx^y j--- 4 Ij OS”y- ,yay«Xj toXi e3l3 aJ0^4 0 X 3 

jy-~~* jl 4 —Lj»li aS i_^j jl (Ojj»j 9 ^jjl y .XJiby Aa- y 3jy 3 IXaI y oXi (£j£ »jlXl y*- ( _gl$ I .»S' 

O X 5 j |i| O S-j^i jljX4 t^JlSwl Oj <0 (jbj <j C ...■■ ' tSjS (j**** 4 b j #3j-w «3li O il tXib^y j^X 4 


. V— < a j3 ( J_J 3 Aj (J yS J 3l>ul ^jLXs O %j>~ jl y*3L«i (OVl ( j~iU j3 #jjJ Aj tAfxA^a j3 OS^ y~ 

.Jj}^£\) a» iaadl |» jx O %y~ J A>Ju4> j3 ia>JI l y>^* OS j>- _)3 j3 j>~ J^b— 4 

Cob jl 3 i)(AmoI 

(,_y: .-»’ OS'^a-) (J - yO (_sUj (jila 4 OSy~) OjU tSbftjynA Aj C... ; ., -i lj j £y (_$^?ojlXl S/y*^ 

4 —1 J— x « (_$Laj y«» _*X^« Jjl~~* <^ly Xjb 4.1*...,.. 4 aj (OjIj ^Ia 1 -^ll 4 4 _jI>XI ^bCl 

H^IojL-^j jj—j O-S'y j ^y-yj (_$l—ftojlyU oSy XJlo .*LiO.I 3jl_y» j3 A^^ ^ jyj ^Jau- 

(*yy tSl — ay Aj Y J<ja3 j3 «xi ( _y~J OS”y iajljj .^jlai ^1 jl ^L— 4 j iSyjb ibaAjb^ JJ 3 (^U—o 

.Xyy 3jix* ^Jliol 


oLoCscjo i-jUcCJI 

Ij^j^b Axj4 jij Cj\-^a"‘>u) jl e3liol b Ij OS'y- ^jJij ,Xil»y Oj^JjI j3 j jIS^ yy»^o Ol. jala O < il>Xl 

(x-y-z) j (x-y) (yty jlS) (Xli uUx 

(/I-?) ^yLw 4 J (_J3y^ OLalX) —Y 

(r-0) ^yJai ulxX -Y” 

( r-0 -z) (^IXIyxl oUx. -i. 




(R-d -< P) (Jj jz oL-a-X* -0 



v x = i v v =y 

v n -0 v, = v m 

v T -r v e = r$ 

(a) CdBj— ^IaaaIjj) 


y 



Y-Y I JSLi 


lj-—j — »j «J_ji t£j—£ ejlX->l L oX- jUxjI OS”^>- £jj Aj jl <—>b»Cjl «X-L oXU ol.ja:>«- ^^isj 

L^J .0-1 eiUol Zjja OU>v. uU^< Ojil^ cS'* 1 ? 4 ^X*l ^ Sjibi^ 

f J oUx. £jr~* J, X«I O'Xl j* -Xli?^ b iSjJ k ^ oLai^ jblj 

.xS^j* oilii-l jiyj& oLai>^ jl aj a:-^ (^}L) ,j 

^,00 o£ y>~ jj a ^_jb—i j v o-j- aS' xiL^ r-0 j n-f< x-y oUsw jl o xj>o jliJ Y-Y ^ JSLi 

J *J— “ J—;X OtoX« Aj Cj Lai>«- c5o jl oJ_i i—«w»jj jJ«- a£ 0-1 .XS"^ O-j? y I j Ja»JI 

b JL&I Oi 1 dy fji olp^l Y-Y^ JSLi 


»—>l ~ ... - 0X-jl—i { jjzji . O xiI » —<L- jl o^Uixil 4^j_jl C. 

a —i O— % (_$l— aojIj a_S* .xLx- ^j—x- oIj^aj koXi jjjl 

c5U5 Aj ^1 ,1^ *jjl A^ ~jL 


lAo yii' 

■i^i ^ cyiWbV OijT^fr 4 j' LJ^i 
Oi’ '-r*rj /> ** LftJj? *S LX-I _/r~> 
lj jSL*- 1—ixjsjJ 4ji7*f! <3^ yp lS^a*^ jl XL cXjI^ OJj X>jj^> 

.Zj$^ Oj_^» ^zXe- j ,y>~*s j\as~j ji: 


iS^^-3 0**3J 

4_oJlA L I t l-L* <L—Jjjb ^ 6 L Ij aJLLw* 4^ ^e^l>wol V y**-* 

■a—J l jl ( _ J ^_ij^>- >aI *— ...< Axii» aj i_jL>XI .0-1 |^j« l$jl t£j£* L j XLxi oib jLLi ,jjl ^UJ L«J y- 
a5^ ,jijXJ lj L*xi ojb ^1* a 5 l>*Jl jl .<o-b -l^lj^ l# ^Oj ^iaj Jjj- cJj j OS^ y~ (jLkojb 

J —-x* k_x-L- (^IaaIijIj (5j^ jl^--l Aj iS~*S jljlc- Aj p_ft L XAi ^^Ijjl I j Zy>- OjL^jo (_$jb ^j (JIaaIijIj jJ 

.1,^-o-b^^ XA jji-UJ .XjL»j S^Ulxil jl jl !.^j\Zji ^IaaIojI j i y^ T jty y- !^\y l y^JJ jlA j ^Jb j ^llU- 

• X-L^- ^^SsJbLo ^pl—* lc-1 AjIjI 











U A Uaii jl / = ° jbj Jj Y-Y Y“\ 

I—| .}}£ y i_jIj^j V° Ajjlj C^>«j A* m/s Ca 

I—» Ij £0° <jjlj ^>y Ca J~> *£ L _ J *i_y° tljA jl jajS - 

.x£ yL> Ij j t\ jLj ji isjX^^x ^1 jy 


u = 60 m/s 



^lo j3*5 JjLmmO 


r J:. .-* Ja_^ viLi ilj-jul y t .jj 5 C-Ajj- Y-YYr 
J-I S jl jj 4_S" s X_J. Bili 5 = Ae ' /l< -V + / T <L_bj|j Jo-y 
<-S" 'j V -Xil^ S—=- yJjs* S—’■ 

.JxS V m/s jj\jj v_jL— 

v = -V/YV m/s v i^ 


r-YY? <ii— 

^1 Ijb jl jj <JL. ilJUal ji <Jl jt, I Y-YYV 

^ c—I r=r-bj r = r 0 +/> ^ ^ ^ 

/ jl ji <-S" j j—jL r = r s + ftsinYTr r/r <1*1 j Ja^ 
r = r, jl -oll^l c—l ^\*^i .jljol jbj 

(J^L5’ jl *jj jU*j) jl iy ij-ijj T J XjSy jj-fp 

jj— 3 ** J y 9 OjIj (jl^ijlj L <L» ijUj^A .JuiL^ 

jj) ^b—l k—’ll—i *£ yjy Ij r jljLi* .C—•! jljji ji j*5IS 

,x£ jtyS ul—.1 jiuo (r iljZ.1 



Y-YYV <li—. JSLi 


^Jl-5 ^.LJljJ ,JLl_,jl JL_, ji Y-YY£ 

jj (b) jl JJ c—ji (a) c—JL£L -j 

iy G ^y j)y 4j ^*j jl ,JLIaL j_Li IX^- <da>J 

j^' fJ^jl jiS'lAa- 4j (C) SJaj^ Ij V 0 jjli 

C^e-J —. Nlj jr» \ J£j Jjlk< Ij iy- £jA Xlji 

•Oijjl c—X (b) ilyiy Ji Ij J^y £ J* Vo -J jl 



Y-YY? <IX« JS~i, 


Lb J5LJ JbLL. .jL. &j\ Sj a JS v Li Y-YYO 
*—ijlj “X—l jljijl 9 (^I*J jlj c_*jji jLw 

9 J 9 jialwi ^ali* ^I^j ^Jajljj -SjL.^ Ij (3 



r-rra <ul- jsj& 





_ (> 3 z J-as 



L jsjt A ^li ^jl>ul>- Y—YY^ 

.O——l A_jlj t—~ n~P- t jl aS” jL> y ss t li 

OL_P|-j^ ^IJLjo JL 4++m[>u» Ij B AjI j—I a B >-»jk <> 
.J^S Ij 

Clg = i m/s 2 (_£aljl <u>-ja i_£j «__>! y>- 



r-rn <n— jso 


isjji* ^ici^ k-y po ^jji ^ y-yy-y 

s. jc = o • mm ja ^£l .aa_. J_y:_ S ,_ 5 ij_jlajLO 

<Ji>J ^_;l jj Ij 0 j0 tJLil, x = \ m/s 2 j i:= >/Y m/s 



Y-YTY <11— JSLi, 


«_J,t OPj— L, 0 UO jl <ibji Y-YYA 

( J5L—i jA,k« <> o •■■■! "\*° <j jl j o>«j u = o* • m/s 

toJij—%J j laH£ Olj j>- iO*jUU jl .aa ^tj* 

.Jjjl»j <LwA>tJ l^wLI jl ( j-«j Y* s Ij j-~»« p (_gb>»jl j-U-1 


u = 500 m/a 



r-rrA <ii— 


jL-U .y-ijj-T ^ jl Ji Y-YY^ 

Ij (jL_» <_; C.. „ ,..i OP Jjljljj-J OP J— A (jL^jjlj-k 
j> Lfc^lj-* jLJ <_& cijp i_j^ o j oij^J |*JaH Y Y • km/h 

J —*ib *£j OiC I j JUlUa* OPj-*> 1 J-— j SSjS ^ i-^jJjj 

■■^iS er-' 9 cS.J.K-' Ij j; -• ^ ,0 <Jjlj O*^ 

1A km/h iLi opj- j r* km/h jl; jlk. opj- 

<0 <^jl»lj -ba jl»Jil <j 0.0 1*0 j> a jji <j jl j /J .XlL^yt 
•a^i J>ly- j-tfs- i^iijS" jlji <_iya Jjj 
/3= YY/*^ 0 v lj>- 



r-m <n— jsot. 


la »-A A_JaAj l 5L-» < A. ,d,.la T—TV** 

j oJL—i o j _»lj j I>- aj ^ o • • * km/h op j~» L jS* y* 

B AjaAj ® Alatfj Ij jyy* ^ C)l 

Cr^JJ ‘ J j*— “(S Y ,0 L^' ^ Jt>~* ^ 

J J J-^C*-* Ojj—^ J_>- ja oLl*p ,jjl -aa^^y* 
alOL*l Lj ^ m/s OjI—J jloiu (_jljla OO ^jjl ja JiJ 

- «* I j B fj A jwj jaj^-o O^^ ^ j'V jl*j .JLllj^y* 0;li 
ajj—• •J-OS' ,j^jj Jj^S - (O-— cf »-ljl» ja O^ ,^1) AO 
,yU.j «jL. jj—l ja Ij h jA-tljl ^jOljil .(o—I jlO 

.JlO uL> 







o* km/h cJLS LA J~*y\ Y-Yro 
C->«3 y ji A <5wj1^1a jjJ Ij "\* m ^Ls^jl £l*Ji 4j 

T • Ill 1_J B ^—yy*jj\ a _L^li ojb jly fiwLi o^b jLL> 

.JLiU^ c-*^d **** Aj\/b m/s L j 
.Jb jjl CwJb B j~» -b-i jl Ij A iwjli^* jy.y* 
aA/B = 1/oa m/s 2 J J0 = r • A°^> JU-i v 1 L*- 



t—ij—Is <j ^ m/s Ojli d-f-A <ul y~Js Y-YY"\ 

i 0 — 10° (< a 31) ^g\ j_j Ij B <llji~—,«l Of j—~“ .J-ihjj* ( j»j>L 

jU.JL-tf V-l>^.0=^O o ( t )j0=r-°(u) 
-la—'jj L»«yy j J—jLii Ja> ijy C-Sy>- 

,Xl«J-i ^•A~* j*-* <> iOjU JjL <) 


T 



Jj L_^JI J*. ^Ijb <_S P .ji Y-YYT 

ftJL -■ ©ab jl—..L< Ja3 Ol «,&+>%* I* -j" t J — A. 

t 0 = v° 4 r = Y m A-la^J ji .c —* ■*! o. 
j a r = -\' m/s 2 i Vo = l m/s ii> r = V m/s 
(_gl ‘.>«jl p <ii>J ^1 ji o.q — —o m/s 

jj_L Ij C ^U^l ,>**-* .JU* *--U- Ij ,ji 

p= 0 m j(jc c ,y e ) = (—/Yr j-r/V)m ^i>>- 



r-nr < 01 — jsLi 

tj*il i j~—^jj C«>- (_5 L*-jIja Y-YY’i 

jl <JT ^3J .xS^ jljji % o> * . JSLi Jjlk. 

iji j. a t_j j ojj_j 1 1 • • km/h • 0 — V* 0 

_■« (^Lisxjl j^l l _ r tjkl^ oU jA jj ^ 6 km/h 

(_$Ia< <1 y> tJ —il; Wo km j-jlji p C. »*3 JA l j-jl ji jljj-J 

Ij y J X tl*->jljA ^—-’ljLj< J 

. .. 




Y-YY f <U— JSLi, 






38 m/s 



r-n-i jsla 


(J^^" 4<w>LOj jtalj L^J Jjlil ^ Y-Yi • 

^LS"y 0) jl ^ jl —-y 6 = 0 O COSft) r aJ^I j 

iUL-<*.-l—jl—^1 y ji Y0 O j C-oU ^IajjIj 
<j\j-> yjl~e •■AjLj ( _^ 4 ,_Ai'jj' 0 = K C->tf o'j?» l* 0 *ij'j 
^•lisL—» <_; (>_d_)l) ;.,i .'.S { y^j l jiil tjj~y£ u 5 "jj »_jLL-i ajl-Xil 

yaj-i I—j i B ^jl A, ]gj6 jl j j—P ^l^lA <j (i^>) A jl ^'..rfJdT 

.-UiL^^a 0 — o *uo>J ^jjl jj <SLjI 

Ml) a = 

(•-j) a = b 


B 



Y-Y f • <Ji—JS-i, 



.j— a 0 = -> o m/s 2 j a* = >o m/s 2 ^.L_ i (jUaaJ j* 

lj j~~* p ,_ 5 Lj>«JI j ci n j a.i i ciy i ci r a—< l>«^ c._jjJLU* 

,C~*3 j* ^1 jJ 

•Jj—S’ jv-vj lj oji ^ >—jb-i j-* 

(JLjUj ajlil—'l <L-—L>«^ (_jl jl a-Li ejL* <u»JLa jl j 

a r = o>/r m/s 2 j a y = -£>Vr m/s 2 <_»! _p- 

a, = o j a„ = Va/t m/s 2 j p = m 


r-rrY jsl^, 


j C-pj—- >C. ;«»y y (jljli ^laji Y-YITA 

*jc= —>• m/s 1 }>=Tom l j:=fi'm :v_jLl1 
jijli. .JLiL^ y = o m/s 2 j 3c= —> * m/s 2 . y = \ • m/s 


v , a , e,, e„, a, , a,, a„ , a„, p, e r , e 0 ,t> r , v r ,o 0 , 
v 0 , a r , a r , a g , a 0 , r ,r ,r ,G ,G ,G . 

Ifll (_$Ujbjj j£-i j • J J* jLo j j i i _—> ■ jj I j U jb^j <J£ 

.jjS j jLLbjjl c~^-L j <j x-y oL *** (_5 jj I j 


(jjl ti — «i? ^^0 jl jj Y—YY*^ 

C — j< .jj j?<• (_5jl LI-.— i Y'A m/s LLp j~- t^ljb 

■Jl. ’ .S' i y *ju lj ._-■ jj J9 jA—rf 


/? = ^rA/r m 


-jij^- 






in 


C--I <1 oXi ob jlXj XjL l^jliL Y-YiY'* 

!j r = 6- ccos0 jJ-M.UJ A { _ s Scli- £y *5 

jb = ^ • • mm _/l X_-I b > c <_£Jb- jj ‘XjS - ^ ^ 

6 = Y rad/s XjLS jl_>—. L, jbjL—i <^jL jc=o> mm 

jl lj a^ „ lip 4__; Jp^j^a 3 > .' L-j J V aXP j** jIXLa .XS" jlj^ji 

ji a_jll_Ja ^1^ lj ( J—^L»- 4>Xj . X' .S' ja—“J 0= ^A*° lj 0 — O 

.XjIw y 0 = ° 

a = o ^ 0=o ^1^ 


r-rrr <n— jsli 

ijS'l—£kj>l J 4 —JS olj_JI jl J\ Y-Yil* 

4_Jaj| j ja —*y ail—. a^LjjT ^Ixjlj a_atxl aij_1 j U'.a^ 

Jji> l j oib*- ujLJi g jl jj *£ iijL> 0 =-y-COS0 

C-j—>■ jj j aX£j~a Ijli c^jjl jS’l .xlL^ CM <L» 

aX-lL t = 0 _,:> 0 = o ^1 jl 4 , 0 = Y rad/s L> y\y iLa 

ai0 = ^ a p-jt_3 iXJl—>■ jl (jl ji 4^ \j t (jL«j 

^ jLaj (jX*aa»*| .iXoil / = '/I m l^jjl Jjl» .XiS (_aL> 
■ XlS’ lj 0 4jjlj J- 


A 

r-rf f < 11 — jsLi 




j—aols* Jtlux * 5 


xJI_j^ jU=o c—*i^ jl B jA oji Ji Y-Y^* 

4-J J—1 J_aj Xjj J» 4j (_gjl_)J (.jl*^—* il-Ual jJ j_j£o> 

jj -t-S'XB = */‘Ar _j AA = •/>"! sinTTr / Y .XaLJ^ xS y 

\jy* jl oXl ojlXl (jlaj t J y> a_—J>- S'Xb jXa l+ll 

ji *£ L f**y (t > °) \j t jl*j .xlL^ 4^15 ji c*Sy>- 

drr; 1 0^»-* J ^ ajtj* 1 (ijl—* u5ljli *ji 

■ -ijS 4wll»u4 lj JC ^jjl>ljl>- 

t = V1VY's jJC=*/nVAm (_al^ 


^j^l —j /l = "\* m ^UJj! jl (JL,...; (_ajj i^j Y-Y1Y* 

Y"\ m/s (^Ijli (j-r*j I—; 5 fl^a-* <4 j Xil^ 

j-li> jJ (XaLJ lj—<4jl>- (_jllJa 
4—; (_^loXj_Ja J 'A 4XJ j_. (^_pL jj IC—ajlia S 

C-aLJ jIJA4 k J^y U jl jJ <S" JJ J^ kv T jl^Aa 

(_... -> - y lj (_Jjj C-fr .XSS lj A '-yiy^ jlJaLa .C—a I 

jj^/L (^Uljl jl _^l .X^ |*-a>j )> ^liljl jl 
V-J-* U< cS- 1 - 5 - I j—(_r»y aXaL 1 jL g j y 

a_jL— (jl t^ljl <l *S (I—I (<_£"X>- (X^w) 

jl—So I^A X*jlLa jl (^aila eX_^Ja XS i_allja L 4jil>- 

<Xl_» a—Jj-j 4—S (_5jJ_Ie> 4j X y^y aX^>- a_t]l>oa J 

/i = m ^Lijjl jl a-jj_j ^l (j _i 4 tljj>- Ujj .. l •*-1 1 i 

V Xc-^— jr Jiis r J> I^A XjjU- jl j *£y J oy^ 

(jt'j ^ ^Jy ijy^y 





Y-Yft <11— JS-i 


jl |»JLJ -o V • m/s L Y-YiV* 

^LBjl 4_j j lXJU. V1j V—s4j 4jbbi 

—>■ vJL^pIj l c~*jUU .x^j^jA \ V • m 

Ij g jljJU .33^ L J—4 lU l!*PJ—- £-Jj* ^ jj !jJ 

■X^ A^jL>v4 Ij & J 413j? VA^ m/s jjljJ J 

it = U/Al O^rrf 1 ^l^r 


j^ m *‘*’ i j l^j 4j Y-YiA* 

J—I X Ol 4 —^ 3j—e3ta ^ ^ * *SinY/ L ^L* 

3j_Ji^4 iJLpL-J (jl~* JJ .C-Wil <LJIj L .- W^" ji t J jl4-JLw* 

<_» J^SL-i ^ jjli JSLi ( _^*4-< jL^ j*P j~> *S 
j-, j*J y dll jj 4_S" jutf iC—l «J_i .ib y = jc Y /^ • • 

<-»■>- j —; Ij C—f-j—•< jlJ_i* iO .J—ilj^yi « i_..»>- 

W—^11—< j-S”j< jl jrsi , *-S’ <Jl-*j <-U»li ji t jL»j 
o-. x . i j^ j ii> jljjL* js^l j>- . »»vj x = \ • • mm 

Ij Lo JLJbu jj^JJ <0 J JUiS' IjUj IJl 

.JL^ 



wr 


-OA Xj\ O' M Jj^S J^\j L-J Y-Yl0* 


J-SUb- ft jl ji «_? iijl* 0 = ft j/n t <klj 

Jj_l» / c<-»ib- I—>b—i g ijl—Jilj t _ — >~ jl (^l^ijlj ^bub- 

dJI_?- jj 0/4 4_S (_gb b’*.! jl <ujU ^_^ jbj i j i_5\jjl 

i—«>■ j—> Ij A jlji* jS a jl-ljl nJl—il Jli 

jjJ S-i £—,j (jJjl Ji 10 jl ^ J> J jbj jl 

J-^l-*^- j jii'-^ 1 p—"j j ivl^j>- J-IS" 

^jLi* jl Ij J»liu 0 j t jjs Li* j a jIjJL* 

jl^ .jUu-I^ = VA^ m/s 2 j l = '/Am cjlijlj 0 o = n/r 

J^j\ jljl Jl—ajj C—S'j->-1» oJLi i iwjj c-S'^>- :<u>-j) 

.(ijljj vl-LUa* jL j ob b 

amin= v-rm/s 2 jJ 0 = tt/Y* j/= */YYVs v l_^- 
flmax = > «/V*\ m/s 2 jJ 0 = o j t = o 



r-rf a <Lb- jsbi 


r ‘U jj Ij JL.J OA <L. Y-YLV 

jU. 0 = 0 O sin(Y7T t IT) oSoj \j L—j 4_r juj^ 

S—^ ri J -* ,J> - cS* 4 —iJ*j 0 » ^ 

j-i jl—*j t j jl——‘J i-£—; (S^ji <jl^j T ijbilj 

t c—-I j^L5 cJLj- jj OA *S jl *S c—I <JU >■ 

J T = Y Sa0 o =7T /Y (_gl^_) £ j—£ «jljl_il 

^—s- j-> Ij A J-S - —s a jlai. t OA = / = ^ • • mm 

(<jli / = */o U t = o) JSL__ £, j j ^ r j| 

I J 0 ^JjLL* j a J_SIJb- j yL^ljb- Jji Li. ^,J 


t'-t'f A <1— JSbl 









r-\ 

9 jO^ ij^Ai . A yjuXi 

o 3 ^ oy 15 Y'-V 

JiLuuuo ^ S dJ-ils-o Y*—Y* 
JflL3tJI j QjJujujuo «^xT^ p Y“£ 
ia^JI 1 _ J7 oci-o ^l>S ^p Y~6 

iS^I 9 ;IT. B ^Iocj 

iy*M^ .? ^ Y-f 

jJjyuuulu yS)^ Y-Y 

(kUJ*^pk o jl«yjl) |a!L»^t 5 Aj>»o . C (jlocj 

<u>Aio r-A 

(^laik ^p °j\j>±\) VJ 7 iai. Y~^ 

(^Idj^l j iixfo^jlPil) joILo^jo 9 Y — V 

°)i9 ■ D <ji*» 

r-w 

r-\r 

v 5 )S jjo <z±&3 clxT^ p Y — \Y 

(jUjjj ki»5"_p Y — \L 
Jjai o^ 







4joJoLo 


OOjl—e- - -O—9 £ oji yj ^jj Ojib (jJs oj-i jjlj <_bl*i«lj (_$Ia_j yj ^loji aj aSL»1&a 

p~*\j>- <*JUx« lj olji < < }^ ai y •Lf'l jl cjS y*- oljjj-iJ j t_bl*i»lj (_$Ia_j yj ,j*j Jajljj jl Cwil 

j -^—i^ £ L —>y J* *—^ Jj~“ oUa>«JL» jl I j *y>- oU _^L*-» *£ JUS"^ i_J'L* jI yjl 4 jJUx« .j ^S" 

_j j u-d' (*—r ‘^y^g* y—> fj* 0_?jl—5 LiC^ *j ,^S ^ L tJ-i L# «-Y J~iai ji aS" oji C-iTj>- vl^>w* 

•yj’^yi c*£j>- j ljj? J-li & JiL~* J*- <> j v_-/_/ ^ L lj 

*—>. fy-y) yy fJ J ^y 15 y.^ ' - 4 liy^o 1 ^ (A):jjb ^yrj JJL~« J>- ^1^ ^ y>± *- 

<j-i* jl ^lOS’ jA .{<z£ j>- ajljJl) J *JjJ> <> J>- (C) t^jjjl J jlS" J~^l jl eiUi«-l (B) a^LJ, _ - J yj 

• c - J ' ‘^'■i ^LmS^-I C j B 4 A^ <-> <* aj>- A- ^1 ^-L-l y T J~a3 J Jjb (^IjLial J OUr^la algJijj 

tyJJ <y' o' *>.J coi^yo^ J Ut/y o' y ^ D ^jb iy>rj yj ajj I y «j!>U 

4_) Ij ojJ—i <5ljl ^ J~a> y ^ j*-aIa« j i—ajjL*J <w»y Lji Li <> yjl jl JL> 

••^V J^*- 4 *o ty' ^L-l l^j too^ cJj 

ejUL^ 3 fj-> * 3 ^J — A 
cy$+* f» 3 ^ 

tibLS' j jjl—4 yjl OLil J jLi jJ O^ili Jo—ji J J J? iX - '-' 1 ' <laalj 

^ y^» ‘■^'••A-i (J J$ 0 jl_VJl Ua>- OjOj a_jll-i 0 O^ J* *& JLOjI ^LUjl Su h^, y \j j jib JjI ^,-L-l ^Lm .O—<1 

Fl (£jy-> J ?LJ C->0 J e-Ui £ ^Cu Jj I ys*v O jyp 4j aJjI 1-SL jJ jb «ji (_SCj 

c 5 ^b-l Aj a£ iy OaI^>- c, »UjL» F\l(li >—jll^t Aj >—»..«») _j s-Ui iSy^ ojlojl eji 8 ] i_jLJj .}jS f yt jlj 3 

ySj-M jJ oji yr*^ Oib jly t lj ^r^bjl oyS"l .C —>1 jly ojUi-I j jyj <Jj$ ejl-Ul y aS ijb 

lj C 2 OX 1 L 4 ^J_P F 2 ICI 2 * -.«; ■ <■ ' bj>i< ajlojl I j 82 ^JsblA > jLJj j oJ jl^^J F 2 01jL» ^ jj £jyj 


^ J^as -T yOu Aj Jjit o'y J J^ 1 *' OJ^i 1^* y ^ °~'* • L f*>»u t>J- el&LwjJ Ij aJjI HM.... * 



j2 a£jI Jjl 4X1^ O— Jj La JLlajl jjjl jl 4 ^wj jJ .j*0^ t_f* jlj^> «tj>Jj Ol*32 4j Ij JLLjl •■^ Ai i_y 4 A^li 

.JbLX lAjLltjl j2 oi l J ®-“-'l a&jI i»j— 4 j SO.. jI jl—SJ J^sL?- i— jI— <o o J— JLp-I t^jjz j C - . - .- i 42 j\j* 

fL.i.....£.c .c-u^ 

a, a 2 a 

4Bj2 ^IjI —— j_jl .XS^^yOj J—j aS^ bj2 A i_^j jl 4O—I (_$jL*^ C O-jIj aS^ 4j>»0 

i^j^—» Jl—<k>l jl < _ 5 -i>U —>l— 4 ( 1 ^jj> C) ijb 2bj 4^>-'^ ^laji J Jj .0—1 Oy- j~uiJ jljz* sly! jl cji C~»jL£* 

■■ > « '. . ^ j)| j '.c. 4_) .2 JLaI ^>- iSjy> i_jL— 4 J— Ij j^ _jjl J*l 4 _jjl .2 jj JLaI j>- 1_£>■ F jj— j» 

02I4I—I 2jj— aS" ,_JiL>-I . yJaji (_jl ^j £ jl jl *£ 4O—jj \jC = km OjjLp ol_^>jjjljjL; j 2jj Lf « jlS" 4 j 

"^U* J* Jij <■* <j< j^ -L—' lT^ ‘• A O^L# 4 J 1 j 5 

F = *ma (T-l) 

.0—1 aj 2 ApO— —l— j! JjL» a J 2 j—^ 2 jlj m <J 0ji *£ -Orfl^j iJjjj jlXL* F jl j 2 aS - 
.0—1^ e2jlj Jj^ 0-4—^- |*> 4j'j-^ 4_jbJi a£ O—I j^l 4X1^ 0—0 JleXl Jj.Ljl jl AS - JapOJ ,j—j2 

•O—jj jjj O JJ-A» Aj I j j I jljj^y* aS" o—I LSjta_/! aJ*jI j i^j T“— \ jJajI j j^l ^jLj 

F = kma (r-T) 

j— ; Jj-Jj* 0>^ *j*rj Oi’ ^ tJ j/ ‘ xi Cr^ ^ c# 5 ^ J i l J^ 1 *i J**\J cri^j' 

jl ^j-^i .O——il o2jj-O JliJbl A~^^ aS" eJ— li» ^200* J^2 (_gL^OjUjl jl eX*l O— Jb ejljjl 

.0—1 T—Y Akjl j (_$b— J> Oil jl— J>- J«32 tJIsOl ,jjjlA jl ,jjl J-*lj— ,jj jjj^2 


■ ~ ■ ■ • •• * Ij \ty_jS ojljjl Jljjj^ 4 iJjJ— ^Is>jI aJjI ^IjI 
- Aj«JUx» j 2 . 0 —JI 2 J~*A (OL^« Jliul aJjI OU~— Aj O* 


j> Aj 0.>.. ~‘ > (_gl^.. t . j L«jl ^b^I— A^jl L 

,ili OPj- L Jj 02 JJ jljj2 AS - jycrjA j, 


__ j2 J jj ^j2 j jjli ‘jjjljjl^ .0—1 AjJjl p i .,. .— OjLvA 0 J— ajljjl i_jI— *S |VJ«Aj2 Y— A J-S'tJ j2 J 

j2 4_S" p .'.‘T 1 4—jO ( jO— jl j—'.P Aj (jljj^ IJ L f^'j^i^ !»••>«*- * >-^J ,j-J tO— I (J2LjS ^j 3 " jl-*-* Aj jj (_jl— OjO 

.0—1 ^ocj r-Y aJ21jw. 

(jL,.<all pi .<3 T>«j« dI^I_— 2 Aj Q..>. — sjljLjl aJS* j ^Uful j—j a— j2 ajk— ^cj JLj JleJLil JLiL«jI ^Jl 

.Jl— JLaI j>- oJLaL— J j=r 4 jj j—A—I V—Y aJojIj j2 sJ— (_$ jj ejljjl ^jili* <5j l^Jb 4 J—L j^j Aj eJLi 

(^LaA—J ja 4 1*1 ,2jj Jjklj>j ^jAjlj JJ* 4 4 _jI— oJ— ajljjl 1 il— aS^ O—I O—jlj jj jl ' 9*jA—3— l j^jl 

4—j ^ywJ J L l^ « JL— JS^I j2 OjLx—«— 1J jyjl ^Jj^ jj-j jl 4_j*>b^l j 0 J— ^s>wij 0 j2 —>1— 4|—jLJ jjta'.J Ij ,j—j 1—jl— 

4j O-. -Ji a J— (_5 a jljjl ,_$l$jl— ,_J2 jljj« jyO^- j2 .0—1 ^jLki-l Jj 15 4X1^,—j ^Ja— j2 L^O—L j Lhejl— C-S" ^>- Jl— 



WV 1*3° 


ojlX_>l (_^l j—i (^jxj-l— (_£l]a>- L Ij V— Y <lajlj j ilX*Jj jliaa »—ill— Jl y (j* L) J?*j £«la— A- gj -al * £>-y* <_£lAjj>«a 

• 3 ji J-O J J L5Ui^ 

jj J—yj *— J l« ■ * l$-l jJ aS^ IaL—L< a< j Iao£1j ^^1 Jio 4i—j jz ej-j aj tJjjli jL~JL»j J-L— 

xh—i (_^Ia j oJ—— <£js t>LI —5 jj y* Jjlli c5^r* 0— 1 <jjjy& ijlj-* jJ .X— L^y* 40x&l JjI a^-jj 

■^jjS jlyi a3l fc .il ijja ^y—La Jjllaa 

yij>-~\ JIj^p <i j oL‘l <j (jjLJ x ^l^OLjl '£■$&* jLly <.W'b JL- jl JJ 

-la— ^y ‘O—^y* *— * ~ ‘ ~' > £ J , ^ 3J J 3 J Haa 0..«» fC i_^j ^jyj ijjyo A^ jLj f jy*-* -XXj- ( y* ^1 JLoJLd ^1— >-l (j-jl _)3 

jl ^LIS^ j X-l>- iJj-b- fyi** lx» i£XX>- t>Ll^ j *—«j j A-^-jj j L^- ^*0 JL- jj ^joixl 

JjiS^ lj aS^ ^Ij. L L jl I; LI iCJj? jl J» j>*- — »- i jy» IXjl _p <-!••••-- i£jyj Lais I I j i-^ul^a a J-i Aiiy-X ( jLlyi 

(-^jjL^a j OLjLSL v—i^ba~l a^j^I .x-L ( y« Jl^>- ^Ja— ji Jl t. «.t. ib l ytyju 3 Jj* ®j_jj-*l 4aX—j oL-l aj 

i Op j— j_jX>- jj ^lii cSU-^.r-*' a^ o~-I ^Lj i ji ^1 ,_yLp OjUJ LI iO-l ^L-l OjliJ i-^j t^ u JXl 

O — j (_5 J J t^L-a J- OL—<L»a iXjli ^IaJX.* j ^yajl olji L *S ^yUL-a ji *iLa . xJ-L (V • • x l • m/s) 

.XJ-L^ya Jl — '.I ' -fra J JIXUJLL ^y--L-l J^al jl oijj 

ib-T ^Ub^XwMaP 

O '-X {J>y? JjIXia ajajlJ (jlxia ^1 Jib jl^i l> JjljaLj ^ Xsj _^l_^ V—X aiajlJ ji Ij & 0~-l 


““T - J 3 ’ 3 y^Lf* ®Xa^ (* 


[\-\] 

4 O—I <Sj t^jL— k Jl ji *S ^jL-I x— 


L . .-jJ (Ncjy—j-j) Jyj X>-lj tX- JL \—L ji A^jL>- 4 SI —— - j3 ,3y XaI y>u ^jj£j jl JjSi—• t_-»L— J 
.Ol^ya 40—X (m/s 4 A_—Ij J_jj—>ia J_) j ' -«) <_jh— ji (kg^y^jl-^) ^y^-l—I iL-I »_Jy<al.^L- jl ^jj yj Jjjli 

J 1l a * jlxia a- jjaj x>-Ij \yj .Syii^jt o>-L— jUa a ^. o >>- i_$j Jlj^p <j |0 — jj-l . Q- -1N — kg . m/s 2 ^1 y-L 

.Jjb 


(jj_—j *J O-X) jjjO cJL> jl ,j—j jJo-j ^5 yi Aj h (\iu jl jl *5” (^lo j j ajja jj J-l^yO J-J- ^j^j OS’ jl jtfLil L 45" (jjlki- a jljul jl . Jl— jljlc 4j 
L jj—j Aj OX V 1 ^) Jr 1 c ~*~’ *i ls^ ue^j ^’jJ 0 X O 1 ^ o'^i^ • >s / /"<» o'ru^ Lj 


>»> j'-r 5 •■ 


i La, aLO , 


,j a_S* jj—j tSjj jJ ^IaLX jyi c 


2 \2h 

- x — —a)J -cos y aJxl* ^ jy» x,x 


3 V 5 

XljXl jjJ >T • • m £liujl } Ti° ^Uiljia- Joy y XL^ y U ^U-i ^UsIjX- J»y J (0 =*/YY^O • ? ) rad/s ^j-oj ^lA-jlj otj- 

Ak =fT/^ mm ^jI^j 4j 

4 _- XX l _ r -X x^— L. oLO .... - y y ^Lj ^^ajlxl , jjlx oy, aJjI ^>-1 y........ Jyc. a ^j—- aT ^LiJ xx ** 

(j— Xs jLa iX YY • A • km/h ox j— L AS’ O-Las iX ^jliLi> ocL jl— — i >^1— jlji6 a- ■^L-l jjl j jU— guhi >^JLi jX 

xL^y- X6 •/.ua Sjljjj jy y ^Ijl Ai .Jjb jly X jj aT ^L, L a— li. ^ .X^y. X y ?ff km ^Uijl jj 






WA 


o-j_i) —>ki jj JjjJ jj-j jl (c?bl—l) ^y Js>-\j JjIjo il?-l ^o .. — ji j£j* <—* jl 

—.— 4_, ,o~—- ^1. slug =lb.sec 2 /ft L o-l ^1 y li’^l ^y j&-\j ^1 ^k . Jjy. c—x (ft/sec 2 <aJ li jj Jb>* ^ 
.XiL^y. J2J aJU- jl *y aS syy jjj jl fyr J. j C—l <-ij j*j 

jljk jlji eili—I }jy g jljiu JjL iZyy ^L>«jl jljji Jb“ jJ y *j 4- O-—) aS ojljJl ji 

lS^jIj 4 j^v -O—I VA»Y\6 m/s 2 jAy io° ( _ #i L»l^i>- ^jJjP ji j kj J ^Ja— ja ^j—j aj o~— i g oJ-i aJ^j-L JUI 
jlj^ *■! '—r—' ^ i^d Udj^" «jl-^l •■ 3 J~ I <_S‘ ai ji J^i g ijljd ^/A^ m/s 2 jljJ* iO-—I jk i jy ^.sLj Oii aS 

I—j j-> Ij< 5 J—U* 4 jl ku ‘kj' 5 j^ J L °°c^ik^l j**r ->*•**$Lf* JJ* •^^-'1 >jj* 8 <jk>j jl Ji* fbt*Jl 

jl—— ij^i jl j£*i _p ‘kj' 1 j' 1 ^kljA^- ^y*J p k/>e^-“-' J jlk jj^U* 0.1*J .C,—I VAYY"\ m/s 2 

.C,—I eJLi Oib 

j-i'jd u^j-* J '-dJ i j* J jlp i>*j <> O-—> gJjlkk-1 jlJi* t^l&jjl Jjlj— ^o . -— ji 

.0-1 Y'Y/YYY'* fit/sec 2 ^ jlji ^ j-j -u jljk .JLib^ rY/Y VI. ft/sec 2 


>j f J Jj- ^r>w» 


iU>-l aS -L • 


(O 3 3 ^*j ^1 >T 

(.yo-L ‘(^d^i^r 4 ! j SI ji jA jl olx i .-l (_jl_^ tjlJ <; lb 


‘jr'Js' f jj^l—* jl Jt* ^*1 tXXi «ilj ji il>-l ^jjl .(*-l«i ^ iSji ^jP- ol£oo ji jA ji 

Jaj ji lj iljl JsjjL- «Y-\aJ5w (Jilla* tlJbl jLij l>wl j* (^1*^1—< ilJtfrl jl oilio-l L 1^ Ljjl *£ o—<1 JOl* 

*—(Jjjj bO>»J »jbrl j (*r^,y I^j jj^— cJU- jl <( j-4j ^k- jl lj y —j^ *£ -kj£j 

L« C—-.1 j->\ji jjj m = ^ kg <j\j—> SbU-I ji .&£ iljl jjj lj jl *£ t p~>- «u IV 

fy* dj-t yS^ir I Jj'J^ 4 il-^l ,*1—. Ji .c—-I g = VA^ m/s%l^ ayA> -u jj >Uo v^Li j W= VA\ N 
f ^r .c—I g =Y'Y/Y ft/sec 2 JJJ jl v loi j W=\ lbf L, c—I j-Aj, jjj m =\ lbm (-1- slug) 
.C—Ig =Y'Y/Y ft/sec 2 jj vjLi «JI j W =YY/Y lbf L 0-1 y \y m jj jm=\ slug (TY/Y lbm) 
k—jj (j—*1 jlj—ol jj 4 m^y- 4j tjl ji 4^ jv^loib jlO Jll« ^^joil— L lj —lo il>-I Y—^b (JS— 

I-! i m =' kg (■ j-^r *-$ OpL_j F = \ N iSIkJ y iU-l j* i_j^ loi F <jjy 

«—<'j ^ | 0 - iJj aS') JjIjh* (O— y .JLiL^y ) /V kg. m/s 2 ^1 ^k ^JL a= \ m/s 2 

Ji 4 JOS' <_—S fl = TY/Y ft/sec 2 L ^ yhJ. m =\ lbm (-J— slug) ^ aS O-pL F =P lbf (o—l 

.ij£,a= \ ft/sec 2 L m = > slug (TY/Y lbm) ^ aS 0 *pL F = ) lbf aS JU 

(N) ^jOjJ 4_.—?- j— j»——IV jjj iO-I (kg) 4_™>- jj ^y <^S SI iU-I *S <>■ jJ 

j—; (*—-*>■ Wjjj JjIjo* jLj-I pO~ — jj .o—I g - *lA^m/s 2 jl y *£ iy*y e:, ' :, W = mg <da>lj k-- 

jl Ji 4_S ijO^ oib w = W/g <klj k -y (lbf-sec 2 /ft) J’bL-l u .—*-ji ^y j ijk (lbf) jy ^^ 

^J>- O JJ> - ji aSvJU- ji iy,y p—j>- jjj jl 0 ~>ws S/j-»-*-e Jjlj— iU-I jO- 

jjjli ji aSoI jl J *3 Jj.li aS J-iL^ yasitJLt (lbm) v_...... > - y; j*— j»- ^>- aS o—I J y 


.0-1 g =YY/Yft/sec 2 

— .O—.1 Jal Jj j— 





m crvcpciM r-r^ 


^a *i (lbf) jj~i o\ys- aj Slj^« (lb) aIjj iS'ik** >1 aj Ij 0^ C|*-aj j\J* {yy? 

.j jJ> o^e-1 cJU- ^1 

SI JjUi. ib-1 



m = 1 lbm 

m = 1 slug 

m = 1 kg 

A 

(3Z2 S,U «) 

(32.2 lbm) 

IV = 9.81 N 

T 

W=llbf 

W= 32.2 lbf 

1 

+ 

l 

1 

1 

t 

= A' = 9.81 m/s 2 

a=g = 

32.2 ft/sec 2 

(a) 

«xaU» (jjjJ j}l cju jljT tji-, 


SI_ 

jilX.^.1 J,lxu al»T 

a = 1 m/s 2 

a = 32.2 ft/sec 2 

a * 1 ft/sec 2 


F= llbf ■ F = 1 lbf 


slug) 


(32.2 lbm) 


(6) l5 I Ji i rt J li> ili 

(T-i)jsLi 


(JjLyyyO 3 £*S 4jjlxo V — T 

ZF LftjjJ <^—>1 £y+z** *£ ^yM- j* — jF 3 * Fz ‘Fi jJl: o->J m aj ji j£j 

_p j O *J \~ \ Ajibw ijli jljj <C~J 

[ZF-ma ] (r-r) 

Aj J ji sjj, ejlj OLaX^* jl ( _ # £j jl ejliiJ L Y’-Y’ aJoxIj S !j*aa cJlL*. Jj»- ji 

(J 5 ” J j J* J J y^^j* ^yas^A <LSfr- £jj Ja-Ajj <w~*L» oUaI>«^ el£x~0 i_->l>«Xjl .JoLj ^JISLjI a£) y* 

iZ—SJ p- <-IjIaa A_) SljAAA I j i^jbLi - _ J yj aJoj! j (^IaaJj^ jl t_£j ^A L Y'-Y’ aLjIj .0^1 Aii_wO jt> 

8 -b~ l »JL*pI <^Ia jj*> ^IaIoJ y ilia L 1 j (_^IaJ a»J jljjU y>- aJjLw 

kX;yoL*JJt) 4 . L Lw*o 3^ 

Jajlj-Xr jl U^a X >w» aj-i yaax^A 4 Jjl £jj ji .pjj*5y 0-1 JA a 1. *»m .< £jj ji L X—T aLxI j jl ailiX-xl ^l£lA Aj 

y^A>- L C~J eJ-i { ya>t^A y- i£ y. °“b*i Jjlj ^kUl* (^Laj^J (j-y-x .C—-1 y***j (Jxli | _ 5 $wloX-.^i 

.C—I o-ljj— S/y**a A £y yjl (j;;^ T’-f aLjIj jJ 





Ofcl^p^ OjU j~i I—>li-i iXJjL OjU Ia jjJi £\ .i jj-JU AaO* OS^ y>- JbL j O l ft ^^-aAs-i-* Iaj t^_)3 £jj ji 

4J Y'-Y' aJsjIj iX^» i_jIO L J Op j~j lOiy t jl*j jl ^U [ajjJi a£ l# o1-0 ^j-a-I^j Y'-Y' aJbjIJ jl j ijj 

.-O'j ^UwU- j OPj~- aj U Jl/il oL a£ i(Ji-V ^LOlyUj Abl*- 

U jl y Jj? <_**-* jj* l-^j—aA~ -Oil) ,JSji— eS j$ Jl £~>\ c—* 1 lj*j .Ojlj-io LJIp £jj Jil—« 

\^£>yA>- .jOS" oiliol Ij <_$-i-LP LS ?_yj t5Jlj£jl <_slfr*ijj jl C—-l ^j*il l^iSl J-«-p ji .C—-I y>- j^Cj> Oa- 

jJ iiOl ^jSSj>- (_$Ia jXi» £jU aS" ^jAijA ti—jloi JljSol (_$Lf-ijj -Oil; eO»l C—jO> ^j tlAeib ,_y^J 

t—jlui J Jj*> \jJ m j .ij-i^ ailO-l I 4 --JJ ^j-tA jl ‘Oil; U^1 jL J^-tA £jlj A^ ^l^lA j OO— aib JA—j Y-Y ^Ji&y 

.Ojb Ojlij j^A L | »j>- OjC l_-> jJ> ji l$— 


J UAot j JluLo OS'J^p 

O—S’^a- Jjl . -Lb^S* oaj'" Y'-Y* Aiajl j Ja^jj j} j* s jb sy>rj jjlo* oS^>- £jj ji ( ^jy± JaUJ jl 

^Lo jl aS - ^Ujj Jl aJjI OS'k- ji *5 XS^ J 10 \j <jj?~» 4(jS SwlSk (^IoaI j -Gli aji jl ji aS - o-I o£* 6 ' 
O-S - ^- jbjL; jl-O* i_SLj ji aS' jjjSJl j jlj^a ji ^Ij ttwlyi O' << (yrjl>- 

.0» .\.i u l) oS^jA- jl 

jj .}j+ i^ aJ^S J_ ; zS' (^IaIoaIj jl L j jl jl ji *£ 0-1 O' OS’^a- 

J-iJ il-Oal Jj A—s .SiJiS Xaa 4tSj^ (jj'j tSjJ £i iSj^ £*Zj?- jl Lf ^y <£J m iJjj ^\a ijjl 

eji Aj aS - jl ( _ r J«-> .XOA J-IS' -lJ L oS"^- jl oli jy>*A i_Sj ilOlal ji aS' ^IaS^ iXS^ 


Jjlj aji A_j aS - - Oi l) oXJS -LjL a ^IaI*LaIj J.». « JI ^P ol jj^jA 


a-L-i -jil) -A*jl>- *jL« jl 


^L« jl i^i^ Jjlj 


j j l »j£<j* Y’-Y’ Aklj jl aS' oL 4-oS^ jil ( *_J>- aS’ J-»aJI j J*p ^Uj^J <-ZT.ji 

.jjjj; aij^ 

L_) Oil) -1 jl (_^lejj ^?l ,y>)jj)X If)I A-— -UA j J^-3 il-Lxj .la.-jj 1 _-Lpt iOIaO) el^Oi i_jL>vI)I 

‘aJj—; (Jlljl Aa-^J A-— (^Ijb aji A^ Jj-i^ Ali^" til jl jljjJ ji OS^Ij L U-jIjA i_Ssj |»jA- jS^j- “>0> tOS XS y>- U<ai ji 
OL o O j3j_jl c—-O ^\ji' .0-1 jLi Jio. (j-aia^a A-- Aj aIsaJ yh j3 ejS 0-*3ji^S (jl^ U-5 

Oil) Oiu (_jle ji ^S*l .^jS^ t£jS Jl^^—I l^jl jl j Aiij? jI^j Ol; I j oSJa- aJjU- ^Jl^—I Ail j- a—> ^a «jl»j jl ,_y*jlj oji 
A—IL) i_Sj ^ ^Ja-- j3 aS' <_$laL £J_ ,5jj j 3 (5jL OS’ y>- -Ol* tOS' OS'^ak- tSj aS' 

cS'jl^ OJ^ ^ ^ oJb- Jjl ji J aly ^ jl 0-*ij- ^~*j ^\jj ^yX>AA Ji jijO ^a.*JX> 

JJ->AA i_SLj ilool j3 aS’ ^IaS^ k Oil* tOS” OS’^A- OjIj »-S^ jl-U*l j3 aS’ O-iL Oi* (jleji £\ .C. -I (J-iljl 

AAyJ >-£-; t^ljb aji tOll-A- J —jI ji ^jO^lXa jy t jA ]a>- il-Oil ji uloO j L ,_^0*ij- ^jaJ^ OjII 




\T\ JJL- > 3 os>dii« r-r 


<il jl 4A*M>y 

***« o •■>! >b*lS^ n_jli>i _ ^yr — j L y~ o>*i/il*** jl i-£j jA jl si Uo l ^I^ia 

JjL j J —* ^L-^l Jal5 ^.IajjJ -,*ijjf ^L-> -u lj oji ^ eijlj (JLaj^J <-15" *5 

X\ ^ 0 "“?f ^|jbJLU 4 -UJjL y>-U 6 -XlJ^ Lj 4 -«-jUu 

4 Ifljlj ji SF^jbi (^jLw ■«..«■ > - 4 j I^jI 4jSI>- ^LajL ^j^iLS 

4 b—.«74 j .C —*1 jiaj ^Oji ^ (Sj*jt f^J*^** U^*** ^ Y*—Y* 

j-jl eji j-j { j&\—>- j|JU*l j! ji *5 ^jLaj<uZT^j^j>«^ 4j ilJLiol yh ji Laj^JISLwj! 

.xib^ 

jl L_» *5 ^L^-l 4_K jl Ij Jaj }jj* aji *£ 0 «jI ,jjl tyj jj jA ^y>^> j Jjj »_jIo>-I <^IjJ j uia * yJJ 

j_j-b .ij_*J j-Hbr Ij ssjfy JL^-I »ji jj fL->-l ,jjl v_ijb jl«-bi ^jlj <^Laj j <^-L> ly>^> tJ-——& ^UJ ji 

4^ O-il Sji ijlj J pbw (jl-*JJ»J 4-1S' jib jlij (_$l (^141^J *S Zj-iy J-»b- ^«-~?" iljl 41-—Jjj 

.0—i ji Ij OSjJ>- 0*i/ilfc» b jl J>y *£ C. w 'l ^-jb^l aL>- jA ^1 jl ( j~j l^J .JuA^jA i_»jL»j>- 4j 

Oj I .fr ^jjl eiO 4 j .Jjli j-j uSL^lbi ji iO-lli <^jlo>l j - 4 S Ij t 5-US' I _jbb jL«Jk ^ ,„„>■ iljl 4 ^—j jj 

ijj—a 0ji Ij Ji 4S’ ^^Ailj (^U JjA <JS Jbl^ ^w>W» ^b jjl 04>- <jZoJ»/ 5ta^Tjijjl |»-*lji jl O--I 

ji y j— ^ - 1 - ^b>- b ^jL—j Lajj^i JJuljj i_SL-*bji ji aS ^jJI^" tO-j>l yis^ OjIjj c5CJl=—l ji .oS”^ ^Jl jiaj 

<—Sj—*-* 4_JibtJ j^jl 4^ OJjb 4JOb jjab- 4 j tJ L‘ »S^« aibiol (^jbO jj»^ 4j OSoVibka jl aS ^yJJA .>—■ ■ j! I illjj 

. 0 >jI jJI£~jI 4iajl j 0 >- 

-bl—» jJ 4_S C.. - jI ~iji —a ...>• j/>/ 4wy (J^JJ (_#^ a ^* J J ,j~»i cilftOl 

0*ifibt4 « ^j~0j 4j «bb L^jI Q.;% 0 ^ 7 - j Qil.i<at>v« (_jbkjj?it» t|»iljl 4 ^j»«j• Oi/l> 

(^LajjjJ ( j<37>Oj 4j t^»S ,}jaj ■ - 0 Ol^J- ^jjl 4 j 4>-jj b ( ^T..,..jb Ij Iaj 4i>i jj OS^ 

t’-O b" 4 jj^j .JljlaJO sib jbJL* |Oj> b 1 —jUS (_jL* ( J^»i ji bkj^jjl i.jlaj $JJ* ^ijlj 

I j 1*4.».>_>J^J ^ . J J L^J I <uJlix« b iO~jb^« Lo 4 S C~jl iljl jl JlL« J^bi 4 (_$Jj«j C . «_5 ji 


l -r’'>^ A —! —"J iS^j—i b a b J £jj b J^- ^ ■>■ :* * y bJI^ U-i tJiL^o Jj>- ^ISLa 

yi^L» ^IaJsijIj 4J_^>v 4 j ^jLu (jL^kS - ^jL- j 4I0* ji ^Jaj i jj* 0 -.o S ~ ^ Ijil 4S’ J^S Oil p ^fl .JL^ ^ 

(_$ l-fr' - '*“ * ' *■* IJ j**“l O^j^i>« 4^ -Oib ^ylajljj j;b-> ^j3b Jba ji sl^J ^JSIj^- 4 j Jjljj^yi J^Os j^jl JJL '£ 

OL_»jUxJ J J 4j j>«j yJJ J sJLl l jj 2 >eO« 4jJjI (_^lAsili 4j 4lb~» ^^Ojlj 4^l>«jlj~- .-LAi -bbjjl Jb 

J_; bl— y»s l£j l ^1*~j\j (jjjb jl 44lb~« (_$jjj 4^sbjj t^ljJ OJj 4jLSi Jb>p t_j.bj -LaI y>- jljbJb Kaj] 

t£j-$J —br “—jIj^- 4j jOj ^l^j ^S* OJj j )ojijaX> OLUh jl SIjajia j C—-I jja ij^- OA- j~> ji tj^ji (J 





i a^Jl C 0 S T—f 1 


i>n* J (*— ts.cf* *i °j* ^y~ J i '—* J j_p b j iS^uA 5 ’*? °- Li jj^l 

J* j—* jIj-s ijy iaaJl J->^* xS - y~ L r j!v ; j* J oi j? '(Jr* b ^y~ 

<«_5L;Uj U <_5jl—- o^L- ^jl ..u^a JjIS «ji jl J* <j *5 ij p^Lp" J A i.s> ; b tpl-P-l ois- y~ iJ&xj 

'r’j '-*~ 4 Oj_^j Aj Ij Ujj j jljl^ J'S -UiL;^ jl>«» tCwil Aj>-J ijjA fS>r OS’ y~ iali 

j—; b '- r j jl^ 4 jp cSLajjJI (_y* ' r ~L<9 ~?-l sjl»ji "I J-^aa jj aS" .ib jl^ ir'jji ^yr 

•^jj' (►p'.p 1 ^ (*-~P lSJJ 

2 J jj S A 1 —>1— >th\ m^j>- ia>JI —4 \^Sy>- C — t (Jll* jl yS- Aj Ij X '—■$>- Js I 

j Aj Y"—Y" aXjIj ^lAAjiJj* j 2y JLaI J~ 


Iaa_aI^» (j\j-> Ij a_ k.lj a— _y* j* t(*~~X <^y~ jIxuI ji jLo^a *_jI»XI aj jl>** aS’ ^yJU- ^Ijj 


:X^j.^« jL t 
asaji + a^j + ajk 


* iSJji J 


XF = XF* i + XF* j + XF, k 
|xf|=^(xfJ 2 + (xf ”) 2 + (XFj 2 




wr JaAJI ,*-iO«OS> 


lT»830( 

750(9.81) = 7360 N 


it* 

W76(9.81) = 736N 


T — ^ 4i^W AIImuQ 

silo-t JJ —Jl—I iSj J^-ta ji fjjJ fjjjly iSj VO kg Aj <Jiy 

a r* • Nj ;i y yy l t jlls , jjSL- cJu ji os> jji <ju r ^ j3 .oJ 

o—^ ^—*■ y. jj^s iSjj j' o-^Lp- y) ^ J a • c —' 

( J_S^ ^ j —>■ . J, ,■< IJ aj !j <ujli a— jll ji j (_^NL i_j J> Aj o <Op j ■ * .. -1 

. 0—1 Vo • kg jj\y j iy 


O-l' J* *-£ Aj j ji J* tjy. JL-I OP y yy** J jj I ia—_>t; aOi Oj ^ . Jp- 

O J-lj y-?y * >l l_— ti J_* J jjl ijj—> 1—I APj^>tJ iljl 4_«-— jj jl ,OJ Ojtj tJLjU^y* Ojtf Ia_J j *j 4^ aJoU 


\LFy = m a>] 8300 - 7360 = 750 a y a y = 1.257 m/s 2 

J lSj' -* U—^P •-'- A:, ( _y 4 OLl^ 01 Ji Aj iy (^UL jl AS' Ij y_jy jj\y 

ij—» {J>\y OS’jp- aI^Ia* ^jjl^jtij . Ox iI oJ— oili jLL. ^ > • iljl a^— J ji iy Ojj Aj j yj yA y)y ji R i—iJls^ 


-I ■ 


[ZF y = m a y ] R- 736 = 75 (1.257) /? = 830N yly 

iL CmaiI jj\ jJ 4-jjlj Y <jLlj J* i C.4.g-^ 


[Ao=Jad/] o-0 = jjl.257 dt 0 = 3.77 m/s 


^yr 

J uA a <o£J 


illl-Ul) y) (£yjftyl/!l I/Jj .LiAMul )yui (j&lf [*/4 <tiJI tf'(jllMj ly - — Af/P kg i/JUlU 6jJil gyM ^^uuA yl fylyj yjf 

\/A \ 

.IJawI 6/MJ ^l&l (yl//'(Zuj) yjjyjjl ylC* 

•yUi/^Jjtd fylijyjtl (JfljUA }lil 0 ly (tltiUA (Jjj \j(fiilu/ 


t-T diyOJ 4jxx»jd0 



O — 5y- y}j* OjO ilj—l ji Y* • kg ^y- Aj jjL t_^aljl l£j 

JjLS” a_S^-15oa I j <_^5l_>l <wjl t . j -Hj^ i_y J jZS A Aj o J— J—a— Ja— y j ni Ji 

.0«^ y i 1413^5" jly T = Y/L kN ^. L A f T 0«j j jy*& J 

■ O^ I-Lj Ij iyy ijlj JjIS" ia^y *£ P ^ ,Jjy 





4_13 £ j b. ji Dji j jl j '• & 4j Lp-j>- J i_Ssiljl iljl ji 

P jW = mg -Y • • (VA^) = HIT Njjj J/i kN ^_,l^ .jJUJLi 

iDi j—j (Jjl*j ji y ilj&>l ji i_SoL"l ,A>l«JJb Dili jLlb jJjIS" 4_i Jo jl <S-y*oy* j) ijlj 
■>-7 , -2.4kN : ( jj|^jbj .ijljJ ij^-j ilJl*l ^1 ji I^j j 

[SF V =0] P-2.4^|j-1.962^j|j = 0 , P = 2.73 jkN v l^ 


(*jjb c*S"p- -Jibe* jl (x iloi*l ji O 


\LF x =ma x ] 240(|H -1962^^j = 200a , a = 7.30 m/s 2 


j CJ/9-I0 i> y j J» /if(jla M<i ui4 > I, <tl)bu j) [VVo 4 it^jhui >IjuaI // )y& )Im*I y ) cjictii* (jL&ypui pto'/ (/ O 

’'•>9t(j* (J#*, (yJ ik $ •/j/itfjA <ptoV 



r-r AiyJ <Ul~uo 

tDJ— 1.4 Dili jL, t . < o—i jj£-< cJl>- jl \ Y 0 kg ^_,rr 4 j /4 i_£jJb 
£\ .XJS^ VL> r»° i_-—i cSjj ji b ^gf yr *i ^ j 

I j lSj —L i J^iL ♦ /0 _^l_^ jl- U ...* ^la~< j d SS <—S'lSCla.-^gl 

.•X~£ l _y* ijjpj *j B a]oaj ji 

4—.J—>jli -bl—Jjl J> * 4jA SJu J dXS (_jlpSp- c~»-l ^J >\J 

I > ..A— J jb^yD A j/jjb <4 JJ l■ JS^Ull oJiS ,J^/L t—d4_J i& Q. . »|| Ld 

—i -j-C-LJ J^-J» oL_JI i^^ j-il 

jj* jl ^jjl p- o^— i iOjIj jlji* jl ji *£ L =y (sc + jIjJL* 

4tl)k* j 4j C ~~~l iijS ^*ib jl t£jS Ji lj .ii(J^l "** 1 Ij ‘— “ “I oJLi d-L>w 

:L i0 = 2ig + s£ 4j>v*ij 

0= 2fl C + 

(_S'l53a^l OjOj _J Dijj ji^ J~i> JjlS lp ->=7 ^ (_r^p l>wl ji 

—^11 j j j j-j JibJ tC *yy jljl ^1 L .xjS ^y> jljj^ 

*->. «AJ. JUpI jAy ji c^-jj JjIS' ji ‘^Ij^bj •■ s j'~" ( _f 4 



lasJI cSy> X-f 


.Cw.1 jLSj C »Jiji « L o JjS" i ilsJi a5^ JcS" .C w l ^Sj i~5"jJb 

y iljLLol ji oJLS" Jil*j .Cw.NL 4 j jj <z£ y>- i-i5L>- £t*/V (_$jjLij 0>-oXS" i!jl ‘Lwojj 


!JLa^^4 <>wj 


27^=0 200(9.81) cos30° = 0 N= 1699 N 

x ilXal ja cS dLw j 

[ZF r =ma x ] 0.5(1699)-27 + 200(9.81) sin 30° =200a c 

<— Aj C-Sj>- alXal jA <SjL 


[+vlEF=ma] 125(9.81)-7 = 125a A 

.Xj CwJj Jjj Cj jyff Aj 7 ja A i.Oc (jjA <J.iUa «L- J^- L 
a A = 1.777 m/s 2 a c = -0.888 m/s 2 7= 1004 N 

:L a jj c*l j>- ji\jj. SjL c~m j ~ tC*.L ole L 3 m J pja * ** iS^ji 

[v 2 = 2 ax] V A = ^2(1.777X6) = 4.62 m/s v l^ 


0 


0 


O 


JujjQ ol 5 o 

./u<6 ylfjLu cld/A (JbZuw (jL&<0)(jUi (_$!/{ Cj uv 6)islwl (ZjUaitA 0 /jb fj>Lfj i-JjjU-Lw juic 4 h/ly (jtd CMv C)Lilw\ iZjltft&c O 

ia/_iT" (J)Lsu cjvly jl ./-uil/fjC t^ujl ( 5^4 lIjuC-mj <U c/jf"idy cj'yyj' jlajU (Jj 4 Lf^ y ) 4jj) <S9M^ AjuajOuts k 0 

, >5 uJ no J>y> <0 c/f 'jjJ/jM .cmwIA (j} 9 ikm N ;/ ,*«/</7 = 116 N o vT =-/cN+ K..(i//i)sinr.°+ Mri N 

■tUul; /a/ji.’ t^jlhiii A ‘CM y yP (J\ y) <Cuiil) C&yi T — IY O (1//I) N (_)J>yS <—fy/J ($th& 4J 0 

•/jU(jC lImO yjj (Jjfilc l^jtuil </iuua LZJjO CC-pACJI Cj )yly (jbi)yjj (jyc Q 


T-f 



jA j ijla \ • kg j—1\jj — »y^ i j - ~‘ '-^d eXi ijx 

^- d^ Ca jA *_JI jLj^- J* jl C-ajUa cri^ 4 

Ij F CajLfla j C--I «d JSdi ^.Ujl 0.1L jly (jlilajl Ajja 

^I .jli jLC) la >- $•«. X JJ~0 4j Icj ujy. L 

\ m/s A—i yhiS c~Mj~i 4&jI ^ jN t jUj 4^*cS” laj T m/s^jljj y&j** L I j Jx 

.X lS Ij CjX ^jI jA oXi ^1 a X AJUali j XL ^Lal£ 







V = Y m/s j /? = A N jab jlj—3 I; Ij & jljjL* j jLLi R = k\} v_jyLi L lj y — <dajlj 

•aa R = Yu .jjljjLj it =^-= Y N.s 2 /m 2 ^ Ijl, -d^lj jl ja 
: OiU^ ^ “-'' u ^ l5**' cSj 7 + 

[2F=maJ -R = ma x l -2u 2 =10— ° 

<* 

:o~ib ^a\j>- ^j U jJa» ja^S" l-L>- L 
\dt = -5 f / = /--—) sec 

J ° J 2 V 2 ^u 2 J 

:L jl*j tC.-,il v = Vo /Y = ^ m/s *S^ ^jjl^>L> 


■-<tt)- 


25 s 


.< Z +..+*'lX) —^*/(0+Y/) .. ■> Q~>*»Jb \)—dx/dt jl ^Ja^x<Luli Y/0 OJU CwLi aJl^U 


f*6fo= f 2 ’ 5 -— 9 — jc =—ln(5 +2/)| =3.47 i 
Jo J ° 5 + 2/ 2 V 1o 


jua« oLSu 

>Uu/6 4ZujI) top R (J&jjt tiulltf’ <t/ Q 

X = 5 111 <£//, k tf'jMM/ f /iiJ^CjU/ (Jjui) (by }! /M U dA&puj t^uuAfl ly X cdjfilf \)(fmu/ Q 



Y~& 4j^joJ AJUwuuuO 



ilJ-iul j OjI —5 jl-L-i* ,_jljb 4 —S’ F jp jp lj o^rj m ^y *j (^loji> 

^ (jl ja 4— S^ i J—^Ij 6 — kt jfi\ ^/L—j toijb to (_£l«dL* ji 

iSjjt —’ iJjUj £*S y to f\Jy jjl 0 = 0 ji 4J^is ^1 J c—I OjU <_£aJlP 

(JTLS^ucI y-i_y .X^S I j J —jy j j£~- to<i Q - JU Y aS" ^^^*5 ja ji F 

.XiL^y. fa ^1^; J Aijif J*, 


:C— ib |*-*l y- jIS^j t y £~t>- y lj C-5 y 4Jabu. ^ aljl ^ j jl ,j~j :J>- 

[2F y =ma_ v ] F cosO - )X k N - mg = ' n ~“ O 

( _,-b' i^5jl cS^/JIJ^l j0= kt jab jly L .aa^ /V=Fsin0 *£ xSy c-<L>«l Jti\ alJLul ja JaU: 

:c~ib |v;jaIj>- 

J o (F cos kt- n k F sin kt -mg)dt = mjdv 




irv r-f 


— [sin kt + n k (cos kt - 1)]- mgt = mV 
k 


^ *5 


£[l + /l,(0-l)]-^ = 0 L F = 


I^U, v = o jt= jttfk jUj t 0 = nil £\j. 


0 


JlJu> ol5Li 

,’/ i> u ik(j4 9 (jfvM /I (J v fi '-i-’t'*' •/“'(_/* G*(ii y l5)9 Ae ' (jfaM M 'j^k k /I (jufi <s^ *k ® $ O 

.yf&yliLujl vdv = ady 

•)/lp (j£“V 9/4> /m» OZ/f-* 5 < ^ &J 99 a/J>LLLt 0 




r-r <n —jsla 


Sr«-& ‘jV t ^ 9 

ojI—• ji ^j .—j 10^jS" os ’<j jj, \ • • km/h o. t-j~* L 
jl—So jU-=r J-*S iSJj? - y0 • ni 

k-jlli O^ ^ J -Ojji 0-0 !j £>>- jA j*y i£jj? ‘-‘-i'-j 

.o—l coLMo.. kg j—jfl .oaK 



r-f <n —jsli 


(_r^b ‘ n Y ' _0 

Lj J—IL iO^ (jL—I _ja jjj*j (R o>_jli« t^l^i* T 

ji L; J <j—*1 A—j C—w ~ J 0 <J jlj lI-okj JJlLwl^yb 

? a ,«^ £.)' O'jj 4 i,J:ul 



r~6 ^i*ii>< jsLmi 


cSb^ * Mg fj 9 ? c*>* r-n 

Ti • kN OjLj ^JL>Ij {SJji* ^4^ jl ^ Ll£yb <5^ j,,* 

oJ^; jl jj—1 lo^>- c~fo>- <_$j-—^ o^^ ^ lj 

it£jS O^j-— ilO_—I *S 'jKijA jJ *if_jl ilj S <losli ,JOS^» 

-LI—; <_$jj iJ—iL/4 <j Z? ^yoLj— ilJlj j B *j A jl ^VL^— 

j Ij_a o—jl—L* jl ,j_jjjI c—-»o ojIj Li _Ji 

jU^ -LL iJjj jSy>- O—jli* 



v 0 = 7 m/s 



r-i <n —jsli 


o^-LiVM *k — .^JyAS o- Jja^r-T 
t jl«j ojU^j >——l Oiik l -*^ 9 <; V m/s 

tO_J I J X 0 J—i »ij 4 JL 0 U J Ol<^ jOi I—IO(_jl jl ^jV 

.xiL Q =Y>° (— 1 ) j 0 = \ 0° (eJI) o^l ( JL^ 



r-r < 11 —jsli 


o^L 0J0 L ^ • kg <, T-T 

<->; ^J)y .C .—oil *Ol »ib jl Ji (Jjljoji ^Ja~» (Jjj 

•OIL 6 = Y .° ( v ) J e = ^ 0 ° (JJl) :/I iliil jul \yt. J\JS\ 
(1—ill) Cl = 0 oSj>- JjO l j t 

(-.) a = v- <n m/s 2 oSj>. ^l o> <, 







- 1 (Sjr'i Oj> 1 *” » 1 

p\^ .xS^ iUo! l^lj oVU;l ^ Ij *!\ N ^hi, 

l_J X-A.A; 4_; <S P PJS 

£-djXj P J>\ Yd—-I jj—L>- £ai LjlS’lj oVLaII 

j p_>- jl ?jj^' ( _ 5 —* JLflJl flJlS’ 03^5" oLil 

■■P j~0 p-y? *P 

P=M AN j\ JU:l ^\y. 


a^.3 Jj^***« 

yp jj B jA >_jLjJ 9 ji ix-jJ f-U 

l-JJjl -«X (£jp lj <Z ■>— > .JUiL^y* jljblui 

• B j> y)y. j> A y pis *S 



ji Ojj^m CJL_>- jl ^j»j jj ju _ o jL <p j+Jy* 1 — 11 

4_» ^jj—i *c—-<l cJL>- ji 1—*JjlS’ <P *£ p*- 

il—As^5 y <Sl£h~a\ J jl jj^S" L ■XS' ( _y. KlSy 

»jb jUb (JjI—S’ ja ji jT t j T\ t- gl^.L_5' j 4j!jiJ 

•XJ>^ ija*j lj «Xi 

a A = Ml>\ m/s 2 NL -o ^i^- 

a B = o/“V> m/s 2 lJ^ -o 

r, = n/AY n j r T = -w/r n 



J-^b ^ B pj p «JLi tfjj -Gbljl A Aip T- ^ 0 

■ob—i .C — .*1 —j oiXss» .3nJLi jl y ^li 

X —3 ° y ‘-^-i jJ <—5ji» 4-S” X^ ijjp b >—’b a pi\ 
•XiLs c-;C 



<-< <_s J_^^ Ij JsU j 3p ^r-u 

,X*Xi jl->...,t £tk. 


r-16 jsLt 




m J5L- r-f 



\—, *SA -Jli 4*0 Jx-y S ^U-dj^. r-Y* 

Jio Y m <, o-l ji u i = */l m/s opj- 

kL-£’ j .* jlj a—. 5 fl •t-Jlij *♦,.... " <_j JLilJl _^l . Jjj— ^i_f* 

ij~» (*L>«jl (jij—ij jj-l> w T = m/s 

.J-iS" s- jL-s- Ij o j~* j— j <! y^>^A i j*j fJL), ^S\£\a.j>\ 



^U- jl Ju. X , jlobl XLli Jj\a jl J. Ji Y’-Yl 


4—S* ij^loib jlji x = Xsin(y / «pl *"-^-* Ijjl 

j—i jbal j jj o£ j>- ji (0 tC~S j>- ota X jl ji 

y-*jj* *-^ 'j (J-*** X> J~> ‘ ^max jl-U* .0-1 jl»j f J 4jb 


•■*?£ ‘■• x ^u A j jL> <^br j'-t* i sjj tX ^ 


mXo) 





r-r i <!;...» jsli. 


tj-a? u* • kg jl y yi f jjic. j r-u 

<—kij a k_jliJ. A' -J-ib^ G ji jbi- /r £ j* j Jbjb 

jtLo J_**JI ^ ^_,jJ *JLib 1 m/s 2 j,yi JjIS P 
•JjjjI C..« Jj Ij A 



J jj-L* ^ J- ,/Jfc-l viXk-,1 r-w 

4-S - Ij 5 oil-• Jil-k- .0-1 >tT iXS^y J*»- *S ^jOw* 

l—J OjC eJolS^ ._ jIO b V* km/h OP j— jl Jbl y,j* j y*^S 

j l - ~yu tJj-iL j_L>- 4—i (jjOstf Xjl J?4 j Ji£ A* ii y 



T-IY <lO-J£A 


4 __Jjl OP J —- I-; f-W 4JL0- j yiS /ir-U 

A* jl yi '-* A ^ o>-ljXi eO*l£ b iV» km/h 

• jlj— j j <> tjjX~0 bl oS" j^-ju 1 _*i ji* o • m oil_• 

4 —! A* ^4-1 L- jJ^IS” 

4—b>J jJ t j_j-j»l—S" 4_j 0 <— j \y\ OP j~» iJiS ijyZ-jj ojljji 

jHs= '/r ^LXk^l >_—jl .j j 5 v l >■ 

■ JL^ - eilil—l fXk- */Y0 


jj oJ—i oib jl_JU 4—obi 4 ? oAaLO Y 1 —^ ^ 


(»15oa J V\ = Y • m/s o_ 
Vi—i Xj Vt ^ • rn/s c 


(^Ijli ;4 4 J 3 X 1 jl JjV ^l^** 

— CS'j' J B 4-bi jl JJ.jP 


—ij^> iJ—ib 6= \o° jx=Vom 4_^;L>.. j_ib^ 







4j to-Li* oili jULj 4 JL-VJ f-YO 

j* lj >J * f / ''' fjr V ^ J*Li j jl& 

Jl—*£■! Ml—; 1— >jAp *—> O 'll i <Ju -j ^jl Jaia—• 4 j a£JL>- 

(_r— Jj*l °£ j'Ja* ^1 ** a «->liJ J 1 

JiL*J cJl_>- jl "\ mm djljjl 4j aS 2>jjt iJUpL j juL 

I j k j*~j ^i>«— iXj£ 11 j £JI jl!£ j 0 jLi 

.i^S* jial*L^l ^lxv tgl jl .JLuUJ ^tpLJL* 


<jji tUai JUpI ^1 ^ r-YY 

cStr-* L> Y/0 N (ji-Ilj <—S' «xi ^1 )o ijjji* pij~> 

^j —>• <j Jai <0—4— ijyy’ a>« 4L>- ••US' xJ_>j ^M_^1» itj-U 

jl—•j i3jjl ji C . S '^a- <U l*<4_Jal4 (^Lai ji lj V» Mg 
4—! 1 * • • • km/h Jl xi—- JL-Ijil c~$_a- / pM 

j-A ji lj s <l~aU .x-S’ Ij le • • • km/h 

ji ^1 —03 ■ C .i — — 4_S J—-jS* ji ._LJJs" l_Lo iJbl *—^4 Cj_Lo 

1-4—— Aja-ll ^jjl ji j eijj OS'^a- ji l—ai jl (^LaLil jji 
(SjJi- 1 •*'c/‘ jjisSJa- ^ j~*l ji A— ^ *S 

■ C—l jl jyy jl J-ala- 

,>--* j ^u-i <J\s^>\ ^.jj, jS\ r-tr 

j-* J'** ji l * • kg ^>- <1 B 4jljl j Y • kg 4 j A oJa3 
(^Ijl <—> I j > r— . — .■*> j » ...j i.iv .iL • /o j—<1 j> j} 

.jl^ j-*; P = i • N ( v ) ^ P = 1 * N (^iJI) 
(ui!l)flA=V*10ni/S 2 jflB='mim/S J ^\yr 
(--*) a A = a B = */*HV m/s 2 



(^l<*ljl HI I f-Y*\ 

0 = r>° j/3= to° .c_-i 4_ii/ ji^_i 

(_$NLj C~f_a- ji AjI jl *j jl jjjy* aS’ I j a j—*J jJU »JLi lj 

ji I j ,j* l—<il_jl—I A^IjI jj-ij J JU^I — jrJa— 

.Jut^ <u—b>v* (JLaJj C—jl jT L B 4US'. 


4_jliljt eJ—i O *]oAj ji 4^ ^UiL. L^jjl Y’-Yl 

V—>1—» jJ <SLj jj— a ji .X? jL .y —alj p-jlS <>Jut a ji Xljj ^4 
(i 1 Ji ‘ a *ala 0 jl ML ji a l-jLJ; 

—■■. S j?- I ji «J— 4 I OLL.<SOjI jl JLxj 1 f$ jlJbL 

•XJjlJ^i ‘-S^djl-i <-L ^ j-*r jl *-LJUi i_i5 jj> aJjI 

• JL '£ ^iali j*t> 




)fr Jit- 


^LoJLaIj & • kg A >li-i IP—Y^ 

C-oU j - 5 0 ^ jl *£ ^ ij*r* 

V— J .j«® ./' ■ ii /ij-^‘ ^jr—^ “‘■ A - i 3 J ji^-i iSJJ JJ J -* 

c-«- <l_; A <_jLlJ^ j • /Y • bk^jj j ,JjI^ i_S1£1»*«*I 

X^S —J lj T jljbl» i-Lili sJLl sjX>*a \/Y m/s 2 <j yjb 

* _S y _JO i_slia*jl JjIS^ <_Sb ja f j~‘~^ ijz> <klj *£ -bjjl J ^) 

7\ = 7\ e ^ ^y^y ^li i£.jj 

r=wvr n v_ji y>- 



\ / 


r-n <n —jsli 

*-; yiil Cj jjm» *j I j J L—- J <—>j! '-^i «<j*^ijb Y'-Y'* 

(_gljlj Jl; I...I iy jj .JLS^y >_ jLj^j kl«Pj«» jlj£l*J >— 

jj _/l .c-—-I YY”Y mm yly j fj? ' n y'y ^y 

j , I j ( 0 -ib U = ' a • km/h y\y c**y x = » 

j£j>- tfjjj x£ yy .x£ Okf* j* '-.—*“ 

oala D -Cd( — pil )>S <klj b «yy yiial I *~~^~ ja 

V ilyk yyO>** fy P il—J k_-j J ~0 Co jl ji *S C—<1 o-Li 
lj •/V jl-L_ia .Jl. .Sb^y ^b .* S iOP j*-» 

L*l .XjLw j la' . k y ^^y <uUj* jl ..by jlSb Co c$l y 
tilr-! ’j v'j-^ • J -^ cr"J^ (*^ ’j Oi* 

j a J '.'S ljIj’jJ C.—*3 yj <Ju<9li *£ i JJ I y X = ^ A m 

.J-ib^^* ^y o-UiS^ ojbji ^1^—3 

(ft 



r-rf <ii— jsli 

uU^I jXi oUl b T-T • A Oi— ^Pj^r-rv 

jl Oa^ L, .ly-Z^y jl ^ l>wj ja 4 j J o y y 

* S’ I jB j A ^l~Jrl k-jl— iU» JsJs ^y j LS’lSUa^ol 

. JL iS j j ju Uj j^*ii cJlfl- jl 

= V• Y1 m/S 2 >_...» (jjib <—»jb <L i-jI ja^- 

a B = •AAY m/s 2 Vb <o 



JilJ cJU ja 0jSL- cJU jl r-YA 

ifa = */Y* j p s = */Y 0 <_S’l£Ia*ol ^l^^9 (_$l.aa £y bkj 
.JXS <—1^. lj JiU ja T JL±S j f l—rl jl fljtf yk vyUJl 



r-r a <n— jsbi 


r-r* <n— jsbi 
























*—, v A = 'ft m/s y,\y A lX A = */£ m 

jyli J L_A0Jj^xJ jl ^1JLS^ J—^ O-* lj C_ 

.jiwS^ ji ij <Jl* 

a A = vni m/s 2 c~Jj <b ^>\yr 

a B = WY m/s 2 cJ> <u 

r= n/iN 



l£«—* VwJlstf <L* i_£j Ja~j y B j A T— ii 

.* jJ (_gjjj^U Ij j JjisJJi J.ial* <i 

C—J*3_j> iS^f. “^U* ^J*~ £>I.J J*' 0«A<<» ji «? 

C^l, ^ >/l m/s c-Pj—. «j-i <ob jUJ 

Ij 4_Lj ji Jj —>■ yt ijjyj J IfcsJjjiJ jl ^lj? jA .C—.1 

•JL '£ ^Ja>aJ y I jJ 



r-f f <JJL~o JSLi 


^L-i 6 *-,Jj jl (^jLi) jlJJL. ^Ijl *, r-io 

?Jjj -Ifcl y>- C.—ilj *_94 j ^ m/S y\y j?jJLS^ VC 4«l a< 
0= U/AA° j n/r° ^\yr 

P = 450 N 



ti, = 0.6,/j* = 0.5 

r-f 6 <!»..« J£A 


it A jlJL^—ji iSyAi <u T— £ \ 


*—i C ~—J *5 B <SjL ^$\y 0 yy liu .J y. <{ y Sib C—Ij 

.JL.'.^ —»jxj ( 4j <^ry jj-L Ij Jjljj ( jlj*J i4 >_?jiu 


.JLiL^^ jj, s L|S" jL y~j lS ISQa-^l *— 

tan" l O/AO^ Q < m Y ^l^ 



r-f I <JLt— JSLi. 


,/jlL-S^ <(JA S^S) j$ l 5C r-£T 

R — Cl) la -i j* Ij .t? L-J jLLs (JjLi* O^il 

J yie j .,..,«) jlj^-* l) j C-jU k_j jJ> C jl jJ 4i" XS^jt ilsHjI 

Ij iS^i jjijbjl C. {> - .C—»l jUj 4j C. - .»i JJ? 

^J—>- *-> ^jOiL—. 4 J5LJi J;Lkj c = r* • * N.s/m c-jLJ 

1*j j j5w cJl^ jl A&yAvt .JS~Sy> jljjjl jl 4j Ij 1 * * kg 
ji ij-Pj—(i—i—JI) I j .«'«? . JjIj^j JeL^JI o jL>-l j 4lj.? 

j t jl_*j (i-j) j J-? <i jJ> i Jy}j (^1^1 (jl y I j Uj iIjIj cJl?- 
jXL—- *S iS^y '•jS^.r* c$' j>. 'j y 

>- jl .O—s»l eJ-w-j ijl JjL cJl>* OP^ * 4 j 


.JLX^ ^iali^9 Ja^lj 4-L* j c 


r-f V <li— JSLi, 


4_, k_-U <JL. ia-jJ fl j/i r-ir 

c^L-$sL./g| L» j jjUj_j> jj_4_) / = */6 rn (J jb 

ji .05^ OS' J>- toJLi eib ^iil ^Ujto ji <5j^U 




1 TY Jit- r-fjju 


jl A C, jL_jL> ^ T* — 1A 

a ^jb—i j jU—ij y T Jl— L . S ,aj £^ Uj j j£~. cJU- 

4_i J-^oIa Jx_ >-J t y y .aa^ \j ^y£J£ f • 4 a1is 

lj_ijl ,'jL^-jJ) .C_—I (_5j;_>-li l.S’lSUlsol _} AxilS 

(.j-^ jlyjj p— tr a J ^^SLLa-. <L1 j 

r= irA/* N J a = */VT\ m/s 2 sJ y 



cJL- ji IJLil <S Um _*Ja5 ,_5_jj P ijjjj ► T’-il 

.juL^ JL-,1^1 TV Nt >-» jl <u xx-a 
•■V* p—j P ^—»- y b a J a* 



r-f f” <li— JSL, 


^, 1 -mm ^ ■/ a a ► r-tv 

,a_o^Ub^j j^SL# jl ta*iL ( ^« \ m (jLijS* b* aJL*Is 

JiLiu AjiUr jl jJ’ yjy gy\J*iy -U^ 

*—! s* ^ J s—J (i’a-i f jY / jl—*j a *i-ilL 5^>-a p—r 
uL~> (j^Lj <ii>J j J lj o J yt, l) |jilx* C-£- y j 

.x£ 

t = \r hrr min ju= i/vio•"*)m/s s_jI y 


100 mm 



r-f Y <JL— JSLi 






r-A 


fj* jjjli jl .^JS^ 4j >-y tJLUS - ^ C-S”^>- Ja>JI L>*ia (_$Ia jy~» .slJUal j.i & Olji <SLx^> <j j 

(.Lol Y-*\ j Y — 0 j Y-l ^^ in >tj ji 4^ Ja>JI ^Ls^-a C -5 - ji j_^l4^ ^jI./3T>w« 4_wu i ^JUyy y jl X’—X’ aJojIj jj 

• i^S" p-Al_p^ ailil^il 

^ JSL- > ^ ^ H .0.^9* jl j <UJlb _; 4 jLl~* Jajl jJ* 4j OU«ai>t4 ol^C—O i >L>«ljl 

*£ 2 jta jjjl 4 j ( _j ^~-j L^jl jl <-£j j* iwjl>«l(l j L ^~jyj\j O4—i 4 j Ij r-r aJajlj jji^l Ja>JI 

•C—jI y< _ilia al&—i ^IjS" 

(Y-V JSLi *Y-i 

(T-V 

a x = x j a y = y : jT ^ & 

(Y-^ JO.Y-0 

(Y'-V) 

a n =p $ 2 =v 2 /p = v$ , a,=v , v = p$ :d\ js *S 

(Y-\0 JSCi <Y-1 ,^/oUv 

(r-A) 

a r = r - r0 2 , a„ = r0 + 2r0 :jl 4S - 

Ij -L-*1 Ja_sJI p,, i : . — -a y>- ijy jJ jJ <5" c^l^y 4 ^JJ -AjIj tC-5" y>- c/btal** ^jl jl ailtLal ji 

<uij^ ^iaj ji a j j Cjjya 4j p—.J>- jl jJ 4^ |*—>■ iljl 4 « , ...«y 4 oLaai>«a el£l~0 i—il>wl j C-S” ^ *j jl Jju .iy jl£o 

-L.L j,—iljl <*^y C—-b <*~*y JjI jl i-ijUl* Jjje jl ijy, £»->- <J Ij #J-i 

.J_A _lj ^yAljljil Laj^*j jjjS^ ^ 

y~s\y J j\S jl—-I I—A J _pv>« ^1 1) ^jL I.jlx.1 j J J-J -^jljj 4 -LjJ-i (jci*^ J 1 'l>«*jl J* 4$jjl j <J 

C. „.t » C~^—>• -LiI—» Ouj jJ J -Lili^ya L>«jl i-ijJf <J Tl C—la C-f?- (Y'-V Jajljj jl 4jiLna jjJjl jJ .JUj^li 
. Jj Lw OXillaa Cln~ l^fp i— w .- t a L Li JLJjIj L»ul ^j* * * jl? 4 j yj 2 )F n 4 La j 






\T\ ja£ji 



T — 9 4 jyaj A.L’LnyyQ 

A 4 Va ai jl jj—P ■* c<l)l_j*J 4 «k» D L—PjSb jlXu ,j~*j C.—j jlk-» 

.X*X C—O jl £tk— l» lj (j-xkk-i 4^ul <jjX 


<S J jz — 1 *—^ » : . " ' i l l Xa>X q» . o jl t t k. - L lj ^ y~ JoJb <SkjI _k 

Jl_ t j* Cr~^~ j-k» °J—-<_** 5 j'j il)I j—; ^k- j' 4* N|i-!li 

}*=o 

1 v 2 

' n [2F n = ma n ] mg-m— v-yfgp *_J _^- 

.C~ib X* \y- iyrj iiij^ ij\j 4*ki y £*k- jl 4$" TV *«/ yfgP jl ^ A <kk jiOP^- /I 

O^b jlj-4 4 «k< (_$Vl) ji £®k" <-^i XjU -LJ ^^Pjj Xb (Xib ^~gp jl jkk; A jJ 4«k< (JLPj—I 4^-il (_jl 

•X!> jUu_ I I j j^-jlj i_j_jk 4 j ^Lkl (^jjk lj j jki 


T-Y 4 L)^oj 4 jXw-o 



l$jj j—j Ox j*J jl j »xi l*j A 4 k«j _p d)j£~- cJl?- jl fI—>-l 

iJ^S-t C5-* j\J* B 4 !Ui 4^_J t ^ *J4^ £J (^W 9 -«■—* 

w i$kjlj c-p^- J oijjl C—X 0 «-, — >• s (“k^-l s. j~~» ^J» jl N (*JlS tjjjJ, 

4<*— —j I —> ^l —*j 4 k > J ji jy.j* fk->-l *£ xiS^ s~*j 0b>- lj t ^Ln-i 4 j fJlij *JiJi 

••* 0 *^ 01 iSjj 


J5L-1 jit j n olxsL (^UjIxuI L oI^^a >-1 jl ^^Sk jljl 4^—< y : J>- 

4 —»_jj 4—i j-—i jl aS - v-jb-i /I 4jjJ_^» 4 j 4i—jlj Ay ^*jli (_jj^ .C—-I oJLi «jb jLlj 
jfi t/* a i (^k» <_jb-i jl ■*»■ c-pj —1 .j jb c-p j —1 4j L# ^i—; j_ p- 


T^iy la ii *“ 


) 'j a » 


[SF ( = ma, ] mg cos0 = ma, a, = g cos0 

•j*L^ IXj iSjS 0 ^ ^ ^ IJ X-Pj—1 1*—)!^^ Vb- 

[urfu = a, rfj] JJ vdv = cos 0 rf(/?0) u 2 = 2gR sin0 

.xit^ yj (_jbJ; n 4_ilj-< jlxul jj 45" xl^ c—<x n c-X jlxk ji l»j^k ,_jXj^>- jl ^li <sj j~> 

\ZF n =ma n \ N -mg sinG = m^- N = 7>mg sin0 ^yr 




fl/Y jju = r<y 


L xL 4JI0 eJiJi 


O 






o 


r 

J 


T —A 4j^oj JJL—mA) 

L f—*t\ <>%JU0 (_^J jl ^yjL>»J ijlj ^ 0 * * kg (^W* 

ji o * km/h 4_» c—>■! ^/LjjA L i4 aL* jj * km/h jl l_, j «xi 

C a iaij ji j i ♦ ♦ m j _il jj A a]o 1> ji ojU- (_sLj>» jl ^U-i . JAi^ ( _yLfclS’ C Akij 

S J (_$ U *:** >• J j ji jl ^ l5^' lSJ m .tfljJ 

d)l ji *£ 1 _alap aW) B aL.a> .jl^ {j~ju Ij j^ jlj C j B i A 

.Jjl^ j-—.• (^bj>»jl C~f>- Alai 


p = 400 m 



</ <—J)l 24 j (_5~y j/^j /fdjjl Lj A—f''_$^-A/ A—/ t^-jjf'cyt—O (Sx—lj&p/i wji / / /, ^j-wIajH c/.I aJ// j 

•),}! LZAMIJJ ly V 0£-/MJ l/jp&ijt l^ftfly)/jl A )I/Ltl ,) (fjuAf / ‘*>LJ (jl,) Sv dv = a, ds 


r' 1 -* ^ J a iskj* ^ *j : J*" 

ilJLJUl ji O ^ j>- d)j—*7 (l)l-~< J j~> Ij lj ^jlj Ia^jIj y. ®^br jl 

Ol_sAJl>*A jl J.-. « .*jjl OijS’ ,jA1»<—• (_$I^J iC—I Alij^ OeiU- —4 

•f^<y (Iks * 4 ^ 'r’^ i i$JJ j' ur" •(*r^<j 4 eili^-l j &S** 

C . - l-b Jj j O jy-0 Aj jl JjL» J OijJ t^yC*4 ji OjU I lll-i 


=W 1 +2a,Aj] 


[(50/3.6) 2 -(100/3.6) 2 ! 


:L Jj^I jj C j B i A J»liJ ji j^p ^Li ^UajJI 

[a n =u 2 /p] >1 ji: a„=fi®^- = 1.929 m/s 2 

l " 7 J 400 

fl ji : a„ =0 

Cj , ; „„=M3#, 2 . 41m/s! 

J 80 

:C—ib 1*^1 y>~ ,J ?yy \ jl a -*—j jl / j n alJi«l ji ji ^yyj ^ j* d)jjli jl #iU—I L 

[IF, = ma ,] F, = 1500(l.447)= 2170 N 
[ZF,, =ma n ] A ji : F n = 1500(1.929) = 2890 N 


B ji:F n = 0 





C ji : F„= 1500 (2.41) = 3620 N 


:L c—I j >\ j > U.jjU ^ «J-i ijlj ^ JS - t 


A ja : F = ^/f„ 2 + F, 2 = V(2890) 2 + (2170) 2 =3620 N 
fl ji : F = F, = 2170 N 

C ja: F = ^/F,, 2 + F, 2 = V(3620) 2 + (2170) 2 = 4220 N 


— 6- yjjyj m/s <0 km/h isyt* /is** 

r/r X9" 

.lZmjjI (i&jI jfyA <~9yb 4j QjlpAJ* Cl n 4^ywjb 42*1/1) 4&yJ 

•/Mtb <CujjI y lIa^jJJxa Ct n ^*4* k (jbuujb F*n ^4^ 

•yrf! lZsmj/j /fAu-a yl/Ltl 0 1/ F ^ 3 4j^}‘ f9p CJ/9»0 j) 

dJUuwwuO 

*\ ^L-Aj jl jt-L^ iS^ Lwl »Ji* 4— iS^ji ^ 

S .JL^ uL> Ij XU, j! H. km 


4 ->^ tSJ.r* LwLai *J *$ j>rM- : 

l*j S 4 8 -^ <jUL> j*— s? iljl ****** J> ji *& (L*-jLas ojj) -LiL^ O 




r i _ mm. i> Gm e \ g 

\ZF n =ma n \ G- ~^T~ m - , V = J = RJ 


(R + h) 2 R + h ’ \ R + h U + h 

:^j jb (jidf- ^oU, jab jlj5 L I j gR 2 — G m e jl jj *S 

32.234 

v = (6371)(1000) 4 - = 7720 m/s :^l *- 

^(6371 + 320)(1000) 1 


.)yl/J i/-iC jLitf- tlfj&U, ilslfA <<X// M/C(Jyyjj} |Ot/ (jS''(JJJ/hJ jQfJi 

IfJ/f QjV/) (j—l) /) 'JJJ (j* (J/9 (zP9^ *0^ (J9?& /I CsJIa /&> y) I /J} < jjjjjjaJ ((J/? (y! (yCxwJ/JUJ <V y LtujUaP <V df'/Awb 4Zu/l) 4 a^j 

6(JlLmj) 4-J c ZajljjjJ o jl&Luxa 4^)^) ijJbP y) IfjJ (jhJb CJ/Cz IjJbPg'l CS/C& 6 /&))(j ghuJ /) QjCjJfl)UU Jd>y) I* )$/& 

.^mJb l/-Z0g > bjAA y) <ifJjjJy^yd y&J 4j J '^L /) ^>jbujUc& /l/U) /JJjb 4Zu/l) 4jjl& i^jCuuJ yjlyJ (j^CjjJ df')yJj <JLJy<pO ^JCHjLa 

,)pu/(jA )yly (j\ 0 (jJjLbJ y) *(jW 1tU 4J btuAJpS (Jfy) (J&) £b*V yb yi JSm/I (Jbjlf (S9/& oy/^i/ 6 /**p b&lp )yf^l/A [^b^JjjJpS (J&l) y) 4^ 



fJKF (b) 

0)0 (a) cJL> f 
6=m l 


T-V 4 j^oj 4 JLLmmo 

j J —O j«jI— i jy** J y~ 6=0) OjIj (_$lojlj vi-c -y U A jJ 
<S ^.y .c—I 4ii/ Jy m ^y <,B ^y jl djy 

(J y-^ tC . *1 oJ—i oJ—~>w i 4_j jjJj J 4I.iljjT JJ 5 ' 4 J 4 JjJ jl 

4_i )y Fg j j L —jj jj 7” —iS" <_$j y— y j c—I y 

0»Li — jj\j C-P y 4^jL>- .}}£y JLpI Jjj y 4j 4JjJ <—9_^L» jl 4^ yjy 

jl .J—»Mj (b) cJI— 9~ ji j 00 cJl_»- >- ji Ij _jl Q)„ iSAA> 

y (_5’L£la*sl 

4 la; l j tC^—Sy 0*ibl*^ jl j L yJal 0 I 4 IX 1 jl C....-<l yj&» T j y ;J>- 

C.—-<l »J-i Dili jLLi ( _ 5 i»l 4^xi-^» 5 jl jl 4 -*yy .^ySy oilij^l if-A 

^jb ^Sy 4 bU< jl .xi\>y Fg jT ^Uj y J^Li. j 
\LF r =ma r ] -T = m(r-r6 2 ) 

[ZF 0 = ma g ] F g = m[r9 + 2rO) 

:U -^>j>)y Uj^J 40=0 j r = 0 if = +bo 0 [) :(a) cJL*- 
T= mro? F e = 2m b (DqQ) ^yr 

:U -G^l^ Uj^J 40=0 j r = 0 4 r = —bo) 0 L :(|b) cJU- 
T= mro? F e = - 2m b 0 ) 0 0 ) ^yr 


.iZMul |«u<4 y^J” Hxuw/j j) a/ui A)l) (jLU tZAf& l> iAIIlt iZ-Kfit ,) Fg if>£>)y (jLU iyHi entile- 
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Mr J5L— r-a 


*-Z j 3 A * J*y, & r “ 6 ' 


.oil—» j^ Y 0 m/s <—| Ij ^^l^P«J>i ^ 1>«->I I j 

J_J o-ja jU ^^SL-I o ei^j jl ijlj A/ <jjjj 




r-61 <n— jsli, 


L^_j ilj_i*l jj /4 ZaZ jl £jL S’ */A T'-OY 

•J—jl j 'VLj *—i ii jlj jl j—i OruLtf ji *£ OjIj aOO- <L« 

t m/s jAji B *Zz jl jj*& aJJ_j*J op j*» 

a-L. jl aj—1 JLpI ijjj- j i /V jlai. (<—iJO :J~£ ,j—1 »-Lil> 

<_liLi ^IjalS" 4£ aJLj^i) OP j~> Olj~« (*-») J I j <i Oil! 

.XXS JZi j~t> ^S"l5lLw»l jl o—-I 


t‘ 

r-6r < 11 — JSLi 



JSUyo 

tojJLo JJI—O 

SL&^,\ L. .A kg ^ *-> SjLT-L* 

l*Sl —i jiYm £U— a_j jj-L-a ^j.—• j ^_)sr 

^jljj A *ZZ jl 4* ti'jL OPj- ^1 .ijiJ^ 
ii1 m/s 3jj& B * — \aZ jl *S { y>\Sx^ j -lIL o m/s 

J 3 o-i* J 3 c}*—" j' 'j l - s >—4 ^ 63 Jj i£ 3 J+* iSJj? 

.XXS <*~A>ut O.M y> 

/V A = WA<\ N jNb = A/r. N v l_*- 



I _ ( Y kg A_J aJOl aili OLO 4_jJai j£l Y*-0 • 

^laj-jb Oa_ » 4—kij I B *ZZ jl Y'/O m/s Op 

O^Ja jl 4_*kS J-; aijlj —5 <JJj? Nb jl»li» ' 3 jj£> 

tj X) pwjjl * Op.-LJS^ l>v* <JaAi ^1 I^ 

A y m ->~ <^Jo! OjJLi t JL*L oili A JaAi Jj\ 

.JL '£ t J>Jb jl ^ U I j 
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r-66 JSOi 

— >- j**AJ ^j!Xll***l l* jl V—6*\ 

(Sjj * HI J jfl3 4 j o^jili c5JJ jJjlj ’^d 

6-UjIj .JLiL^ tQ^l 6-LJj ®-ki vJl«JLLw><! jy*** 

Ai a <-* L ' ^L # 4 uAi 1 ^ 1 b ^ ^j- V 

<^*y !>-* j ^ 1 -L) 1 - 1 ^ jr~* (Jjj b £/7 £jj j* -^b^ 

ij—il; oo km/h j->\y ^ i • • (Jjy*jil ^y j*«*j j^L» 

i_S'l£k*ol iSjjfj JS' F jI-Iaa j g ^_~~»- ^ lj <7„ ^L- vjjtJ* 
.Jl^S Ij ^i oi*j *-ib* jl «JUi JLpI 



r-6f” <JL~. JSLi. 

ji i • km/h c-P^ L AS - r -01 di~. J^..jjl r-ov 

jr~* j J *y ^y *< J^b' j jv ‘L—• ^y 

L-a^ili l yi\ i_S'lSdauA»l ijj^j JS’ aj>OL>- .obi ^lojib 
j-J, juS ^b—i ^^Ijb- iJ-Jib «xi j jO>^ ^ • A kN <, 

Yiji JaI_jp^ jJa>- 

a, = - l/Tl m/s 2 ^1_y>- 

L-; o*>Uj jj yjPy ^y jbjLi tS_Ob 

aj_»^*J j oij-^ Q = \ * rad/s OjLJ c*p 

ol »* ^ jL*£ oljl ^jj* 19 I j Vo jli jii 

jL—i j-£y jl a_£ ^1 •■>—£y J^>- 


o = vi m/s c^— ^ijb y/ u. .jg>j r-or 

ji OT ^L*iaIj 4_La <_S^ _ j A -duL jl jys- ^l£jb <j 

aJL* k_i Jo jl *£ R jJi jl-li* .XiLi^ ojb jl J (jil 

O—(t — a ! I) . J —i I j JL«-pI »Xj*J Aj L*jlaIj 

B daii jl A^l^Jb (t_j) j Ul>lj aL» A dai jl j_j»p jl JJ 



r-or <ii—»j5bi> 


o ji 4_s ^i j^ 4j? jL^y; <j ijj r-ot 

C~jL_j ,jU <jlj C~P J . * I I |vjl * A- OxA^O ji (jJjS" 

SjLJjiJ £\ .xS^y ol jji j_^pL- ib c-4»r ji 9 = v rad/s 
Aj^c-oi/rm/s c^b'd* 5 J^'i ji 

IXS jj~P <}j$£^y 0 = V* 0 C».O y jl A^ol^Jk O <—i^Ja Aj 

(jjl ji ji aJjJ »jljji aS’ A/ jI-U* 



r-6f <Jb*- jsoi, 


OPj—a Li O jj—A il JJ—i'A OA (_5_jjl—i Y’— 00 

jljjj j^pI—- ib —*r ji (0 = y rad/s c-jLJ ^lA-jjlj 

jU «l a» iJ — « J{j* 0 — Q >,*. ;»*JA Aj jjlj aS’ , XSy 

01 ijjj t = t o • mm ^L—i a —L»li j^m *■> £ 

9 = 0*° jj 4*Ja3 aS' Jj-i oJUbLL ^1 .SyZy AldljlS’ 

jjl—i j AjJai ^ /ij ^^SLiL-l i^S’LSClau^t '~ r ‘,y> iXj\ t j* jliil 



^ = ‘/OH 


yy 











6JJ v • km/h Ij Ij ^.Iwi r-W 
jljj-j i ji ) • • • in j-U—i 4 _ i ^l.jjla j~~* l& 

Ij V jLL>- <j JiwJ jl «JLi JLktf.1 .JUa^ 

. X±S <_jI —>■ B <k£ Jj j A <kii ja 


r,) 

v. y 


o}>.) Jjl—0 

J> JLsjj jjjL, S Y 6$ r-iv 

Y"* 0 j-;lj? ‘0 ^ • x ^tr* c *^. j o^Lo 

JjiS' Lr ^ Oj\<S Jii\ jj>xa J_p- jl o*j~. .C-.I 

jl i^l<-i_jlj i-jU— i j .ijj Of»- ji o* deg/s 

.jtA-c- 4 —j . J,—a^^ipL_w»jlj o^jj- jj Y* * deg/S 2 jjljj 
j^l *ljj^ o* * mm/s OjL jlj~* Ij j-i^ 

i-Lili •/0 OIjjj 4»Jj J i£j$ t_S’l£li*tfl 

J_*l0s- L; Ij P .XXS Ij P t 4_>w f jV ^J jj J»lj>- 

cJL^. J, 0 = r.° J5 Ij 0-1 f jV ^.^Ow ^JjJ 

■ 4 ^jliU i3 jl-lf$L I JiLuJ 

P = YV/. N j P s = W\Y N ^Ij*. 


<Sjr —* l5jj'I j-j i-^-i Ja—*> jj —sr 0 j j f-*Vf 

J—i'jl (j—i*j lSJJ j— i jj^— cJl_P- ji .Jj^O- 

L«-jl_y» l^j jJS i-iS jj Ij jjjjj. (_$(jjjljj .o-l Y • N 
<-> J»j-<j^ J£—i JiLJk l ^l>* ^ ja j -liAa^ jlji 

r -*- jUjb ojj?^ ^1.jjb jU5 ^ jl r-lY 4o- 

^Liljl Jj t-wlj_* OPj—- jS’l jjj jjl j -k-jl Ij 

' jljs -4 L, jl juj ji) = A* • km/h j—jljj v • • m 

»•! - j Ou j jj ja jJ Oil Jl>- jj <JIj j> jj ^Jrj a 


W'= U/.^N 


?ajj J>lj^- jJi>- jjl jj 


‘aa/ ^lJJ i.J— i .ala jLU ^iil ^ /l r-lt 

Ij *aL» c^jjl i^j jl JLajl j m ^j»- <j iX>-j? 
jl ^j —j <L«U^j JLaSl ja P k o > Q .ala Xj 



r-pf <iiu« jsla 

j 4 ja^km/h opj— L, ^o** kg J^jiir-lo 

ijAj ^jf L J aa/^ l J£j. S j~a 3 X 

alao.1 ja 4_S" <\ • m Oil—. J* jl JUj iCa-l J& jlj-. L ij 
.jULS' vy km/h 4_, .joi <SjS »jlJ—:l fl U A jl cr ^>o 
J-J .-LiU^y* \A» m jjljj B ja J-^jjI (^U>ul £UJi .JL*.' ^ 
.J—jS v_jL~>- B ja Ij Okjjlj <j «al>- jl ajlj l ‘Tl CU. I 

.ajla jlji ^1 a>l4^» i_£j ja B ja *aU- 


1 i 




iy, jLjh 
o'- 1 * <j~*? 
f*j ^ c» ; '-\>*- 4 " 
5j c-jli ^tU 4 j 

. r-’w 

rr*. m^u_t 
ji \ • • km/h 
■ J 

I -JLiL^* • /V* 

vltf- 


p 



.r-v« 

*- *£ v <j 
- •— 1 */ 



*/o rad/s L f = ° oJU- 

^ jbj-*j ‘-^ >-j-Sy -Li £jy .5 £cs\~» C-f>- 

1 j' L ^'-* b ^ jW- y ^y** iJjji 1 j'-^ j Y j 

.-LjLu |*~^j ° — / —® S <JLoti jj 



ji jj£-- klJb- jl TO kg ^y- 4 j Y—V0 

j —i jjlyji! 4_j _Ji (^jyli t_S\£b*pl l» 0 = Y•° C..Oy 

£_bui 4 j eyli uSj jl JSLi <J *S XSy yy iJjj 

O—S’y c~t j ._-> j ^—-L-« (_jU i .c—I «J-i Y/o m 

•/-V- xjjo jl j\ Jj Jjl J , J>y* iJjj* o~*y* J 
4—S’ y*y (y) j 0 = Y'* 0 *S y>y (<—iJI) y lj 

.Xjj\ ^\6= V° 

^\yr 

cJl) a, = a/o • m/s 2 j v - Y/va m/s j N - YA* N 
^>)a, = o m/s 2 j v = on A m/s j /V = v<\o N 



<-»> (j^-li c?a- lijj (^rjS Y'-VY 

<-—;y> ^1 .O—>-1 _,ly toJLi oib jUb ^UJ; y JSLi 

oij-b»«^ <>• ji iJ-lL; • fY <—» j *y yi ^^SLjll-il <S\£]a~a\ 
Ij iy Cyiy jyj* yi 4( *Jli jy Jy (0 C-fry 

*->. <X*y AjiS" yy YijiJyj «iyi Jiis- 
^yLfcPl JjI—J >—>LLi ^>J$jA *5 .klyy y\j\ 



r-Yr <jx^. js^i 

^ a —' cS.Jj m fj-^r 4 j iy Y'-VT 

y->y> £\ .O—-I J j\J» i»JJi «ib jLU ^UJi ji JSLl 

(*-*djSI— 4 ‘A—ill */A jlji ^Ja^i J j^JSi y, ^^JLl., 1 i_S’bUa«<»l 
jl t^ljl 4 j *S Ij J^jli jy*A Jy t 0 ) J»_jy» ^l^jjlj C-P y 
J —- ol jy-y <-S AjS yji .JUS- kyL-j>- iXj*J OaI y) 
jlj—i LSl^djIj 


r-Y6 <1L— JSLi 

jL>- Ij ^yjj\ y V C-Pn Y'-V r \ 

*-£—j y ^j*^ 4 j j^s^a Jyjjl JLxS^ 

L^l. ^b .^1 iy>-J 4_> (^jLji —1*J .J_ili <I-iljj jlwL^Ji y~* 
jlji* ^IS^Ij^- j ^Jilj^- .J_iLj yy^ jl 0*jLw* c.^>- 


r-Yr <ii— jsl* 

^ Y V--VI 

iJ-Sy jlO <_bxj jl oXJ jjS !^iy^S- J y- i& 

•X~Sy yy- (^jlj_i« -»—llyy oXj*J .C-.-I ojji ^jL.U- 
jl i-S —j j j^l .jy t>UlS^ ji jl <^ol Ij JjIw 








jLL JSLi ji jS j! j> T -AY 

tjj— 1 *" <> 'j ‘-S'kk Q cS^jlj iI-P- j** —“I «Xi ob 

.jj £ £-k» i-SLLU j ^ 1 —J ^Lj i 0 = o'° ji *£ 

^ 1 —J jJ—i jiJ jl <_£ jSjL>- <Z~yr 1 -So^jS’ (jlbtjJ 

.XiXj'jt ^ki Ll tiXk ,jjj 



iS\ —S^utfl L; A £ \S* « JL_i yii T-AT 

J> JjHj* Ojji ji cSj^-b 

•■J—jljj ' 5 Q = v rad/s (jl<_ijlj j—* L ^^iil 
jj 4 <—1 j] <_, c~—; r 0 = Y * m/s <_Jjl opj—. U .ju^ 
. J j—v L; ji y = 0 J X = ^ o • mm oL^u^. 

jl J-J C-jj i«XjAJ <1 djJ ^«jk jl *s P l yii\ jj jlXk 
•-b;b; b V^i/* j jLj 

P=oT/TN ^i*. 



r-xr <ii— jsLi, 


“\Q *''-L j>k *S i(_jl*<^j>-Li Y*—A • 

>jJu~ Jjl jA Ji in m/s LS ^ii\ l_i «Xjb ^ 

cSJjr-* iC~-l ^ilj jj aS - JSLi ^k^b 

ji J3 jlj Lac^L. jl ^IjS - jh 4 j c ji^~ i_jjk jl *S Ij R 
c —-Jj B ji I j Vb otj-j j «j ^-S" Ij—» j 0 i_ >■ 

- , -l~-*l ( <- • -■> • Jjb t5”l5Ua^ol .JjjjI 



0 jl * jj—>*a Jy- <^jbjLi ijjjL T—A\ 

C Y >x j^ ■ X *<S‘ olj j> Jii\ o»L. Jj .ajj^ 

*—; 0 • mm/s OjLj jljj—• I—> iyi^y a J~iS S 1 * - y t£ 
r = YYo mm <J ^l<_k>J y ^Sy~ 0 
C^r Ji e> = -V rad/s ^l-Ljjlj OP^ ^Ijb jjL. «sL—I 
j-jl ji .xLj^ ^jIaLS^ Y rad/s jlj~« L j asy j^^ic’L.jL 
jL-i c^lxJ jl «ijlj <jjyj jlJi* j T ^yblS - <k»J 
I—' jb-i j' ^ *—J ^ . J^S uU- Ij oX^iJ y 

• B K J Ij XS |J»| (J^lw oX_jil 
T = n/Y* N j Af=Y/l> N Jd v l_^- 



r-A I <11— JSLi 






L; JL—-, jA C—A C— Ij ,x^ Jj, r-V 

«jb j iSi Ojj^ <o Ij ^yy 1 R C .—-Ij J jS <oliJ 

j— J )y ( Jil-1*-* Vy j;—"• y 

j-»lj, j OjI—j Lf i»\ x^S t jj>ji .xS^a I-Lj \ o * mm 

voAj_»_. ^ . t >- (_$Aj •»p <x£j?- jl .jJiL u — VA m/s 

(*—’) j p 11 —Jjj j ‘ " ■■ ■ » -la-'L^J! £-U_i G—ill) !JLJ-S* 

.Ij u*j^ ^"1 JL—ji <—>y y. 6 -*-^ JU>I R (jij*s- 



r~i • jUi 


fAa~* <J C-. ~ j c#! —j jJ-5 y — J- ^ \ 
(^Uj-jIa j^j; -• jA j » 3 y J^st -y jA L ,jj^j 

•-^y cr- 4 ‘ c ~ -1 ** ot*J uJ** Jy 

'j—* ^—“y *—$ p—=r <s y U» jjj k c~— i <_$l jj ^yl jLp 

tSJ'ji—' O-Lly <_sly) oXX i£j$ »j!.kl lji~.l jA <_SjX» 

——I jyj jAa* jl ^—>■ jjj *, («j-i 

I Jp- -<l jA 4 _,aL- j! ( _ # _Jilj J| II3< - Jll J- .JLjjjl C- *oiJb 

jR - "vrvA km llj=_.1 ja ^u_i g = va\o m/s 2 

/i .c—i « = */vr<\ 0 . _t ) rad/s y-yj 

W oJ—.i i^j-S a jl-Ll t£j *Ik Oj_J iJ-ib 1 * * N yLi?- Ojj 

fc—I jAy 


Ro)' 


jA H-S’ -J_A Lf ii\ fjjj *SL» r-AA 

cJL^.a^a/I .c-J <13^ jl j3 Jl>* 

«-bL_*j <^Sj>- <j 0 “ OJ c^jIj L o 

*&* cr'> J -5 1 lM ^ c5i U JJ^ i, - u; ^ ^ ^"jU 

a~' ‘-^j^ 



^ jl ^ ywLs j>->k J^ jIajL_^ t5_>jl—» f-AS 
•- 1 —OljJ J 0 = (0 CjLj <jl*-ijlj Crf-J— L; iA jj£ ( _ r ^ 
y jr* - ^ ^ ^—-I »AJ1 y-l^k jly iX.lAli 

N jl ja <_£ jjj*; r = r 0 + 6sin No) t *iz>\j jA* A 

SXS’ "I <dL-~* ( j_jil jA _J J—"Ijy <-£L*IaI— i y aIJLju 

j b = l • mm jr„= 1 > * mm , a) = U rad/s ^1 .c_.1 

N 4_; Ajjji jA U/0 N jl ^ ^A^ /I 

^ % 0^—a J L^ai^L^ R j+J iJjUj 

ja »J —A oaIa jLlj ^xAjj i_SL jl aS (_5l<dk>J ja Ij A ^£ 



W' = <W\oo N 


^ly^- 







\ 9 r ^ r-c>jju 


lj jL-k j j 1—j ( _ > ...-«L»j (_r**^ Y'-Ai 

ij 9 - ^iXji jy* J y iSj^ a*^~ <£j L ajLLi iAyy 

j->\jOi (Jj-*- L>- *5 -^j Or*- 5 '’ 

j 4_iLU- p J jk Jb-lj ^ i4iL>- <iSy V C~f-y t- — >- 

4_)il*j •JL-Ji’ iJi-Ji” oL-ri 4 jLL>- ^ki* jk-jA 0-9-1—<• 

4 i &4 4JL9- jl jUJI >—iljl 4-«•—'jJ y Ij O J>- 

»ji >-^j olj^P 



r-lf <li—. JSLi 


j m fj-*r i L J^k 4_, ^1 Ij^j liljL 4JL» ?-\b 
ijj —S’ j» |PU jy->** J_j-9- J-»l 4_9*i-o ji A ^ ka « ^ \ a .* 

• J—jljji ® O-jLj j iL-jj ^14 -j jlj C-tf’j—.* Lj O -O 

<&yy£ jl_JI <jjj y L yi\ ij Uj yj J~UO j <j yS dyy 

oj j-» 4 j 4 J j) jj (7 ^j-ULS^ (_^j jyjLp io-Li oili jLij 

Ar* j* ur^' V ^ cr^ -bjj' vI —’-^ r J 1 

^ki* ^ (*t*>■£ (ji-iS 1 L C-vl ^1^4 yy 

.A 



*iyj J_^li r = r 0 c—*3 jj jl t = o ji P 4J i r-^Y 
0^jj<5 |*jL_5 JJ*** lJ fil C-^li Ij 

O-tf-j— L*J 4_)jJ 4 _j O-.-; C^S-y OjOj <-SSy 

V —>• y b Vg c-t y j r iV r ^U-i 

I^Laj jJ v_jL—£- ji 4_S’ J-AJ £y~0y •J*^’ t ok j 

J-lk. jkj L C-e -y 

iT. =•/> m t^ljl 4 j XiL^ 4 JjJ Ja^lj Ji 4S - Ji Ij 4ji 

.JjLJ (*-»j ct)„ = \ rad/s j(=lm 



jJ Ij ^jk—» Oi y iJ^y> yji Y-ST 

- uS’lSkjsl u-ijk ,jkj4 j «-kb ,^^4 


r = r 0 jl / = o ji 4 jS 4 _>«jL>- .J-. j L jL_4JjJ j oji 
j-f 'j r i c—Aijj S ii^ L_Aj ^ o-p^ ojX 

4-lp ^j^Jtij.1 uS’lSk-ol jJ JOS’ ^fkji .JLiS 1 jjj-xj jUj 1_—>- 



Y'-^d) <k—o 





IXj 0 l ....?- jj Ij jL—jj ji T JLU 
0™ = m\ jT= mg(rsinQ +rco*0«o *Jyr 



L-*jA *AJi jl j ijSL. oJb- jl ^►r-W 

.iyiiyt (jjilj i-iJff «J S\£la~o\ L j ojjo 

jl 4 —S jj Ij op j~» iJ-iL »/Y 

ji Ij O—S'j?- <—bU^ :il f i. JL j) .X^S 'j-zM tijXS^ B 
4_kjlj jl j tij^S lJJLj- 1 j /V 4 <u—i y t j n ^LfcilaL.1 
J-—Jl jk* 4 JjLw a^>o; jj .j_oS" • jUoI vdv = a, rdO 
C—X rfy/cfc + ./(*)? = 5 (jJ JSL-j S jSLaU Jwi 
.(c—I f jl** *J jl Jj- «lj aS" -U^ 
u=o/oT m/s ^Ij*. 
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r-w < 10 *. jsLi 


^—• < Sjj j—; ^ f^r <4 jS - ► r-> * • 

« ( C* ■ *! o*LJf - aXw# jl aS” jj JL* 

j— '*y* 1 ^ #ata U Q jlJLi* <u 
jj_i>- ^ ^i_ 5 j; jl JJ -J> aS - ^Lw. iXiL //* 

iSJjt —’ V cSl£]a«pl iSjy *& .OIL AI«ib 4j>-jj .jjlL') Y q ..J 

(.ijb ^,£0 ,ja_^ ^U- 

[ U o T + v^r 


-In 




<■/• 8 


rg 




Ti » <5 j? ^ .< 3 .» jl J—* l£— i ji P V'-^*\ 


l—wl—^5 C*Pj-**» tdJ—J> 6^b <jlJL> aJsL>xJ j^ .^jb jly 

Ij 0 J r 4 0 «. r>Li*^U* .c—l u= £Yr* m/s 

j —& j a /? = ir\M km l j £U_j, j ^ = <\/ayo m/s 2 



<y„ o,i_; ^i^jij op ^ l ju< j jj s* ► r-^v 

4_» (^l«ji t#-* 0 jl *S ( yi\ jj>la Jj>- 

0=o c-*5j. ji r = o ji j-i-vo op j— Lj /« jj- 

<_> I j r .ijOJ^y* jl <-* j-i> *—> »J-i |_yUw> <JjJ J^b 

•JjiS’ (j~*j 0 jl ^^Xjlj Ojj-^5 

r = -^— (sinh0-sin0) 

T<yJ 



pjl m ^jjf 4 j ^ySU- jS - J^jl ► r-*\A 
0 = o jj .C—-I jljijl ‘XSy OS'^Jil Jij l 5L ^jj aS’ 

OjI —i > _jIO aJLL 4j /I .jliI jJL>- ji lOil ii_S^jjl j <JUj 

y-ifZ Ij L^Jjl jL-^. y p-*J jS'L. 4j jl j 0 nlax O jj, Dili 0=5 












lijy 1 


ijvr-f 


(jl-LJajlj L; ji jl _£j aji oSi-iks^a JJL— zjy y Ij F- ma f _>•> 0 _^li 4 ,_^i J a 

OS' j>- Je> jZ ejZ ^bwb- L OP^ jOJ 4 S • jJ O—Jj jT jl J-»b- J eji y ijlj 

^ -*«£y Jl■ eJl— 4-—il>«> —ill— jl ^yS-—Il O i— (_^La4JjI* 4 jl ajLt l— I l> ^laj .5 jy 

*—Pry Zjy lOS y>- Je> jZ ojZ ^ Jibo ^*P <^1**^ (J£^T *S Zyj Jj‘L— jl 400 jZ 

1—Aj jJ> jl (Jj-bS Jl_^xil (V ) J aji 4 j O-—1 UjjJ jl <JyZ Jl_^-I 0 ) j *H OJU- JZ ^jjl .X— 

L. loo t—loi jijjl O-—Jb *-> jLJ ujJ —j b\yy b Ui jS Jl £x>\ yA .oiL^ I4J JUpI jUj 4 j O— J 

£yj> y *S Zyby ^jy\ J jlS oM^Ua <j y^jk ^.UwU 4. 0~J Jlj&ll Oj^J <--£/ C ^«r > " S- CMz\jla 

.jLi jlaI y- uaj o--Jj I j p^y j <ijb> cJ'iz\** *S jUj 4 j O ; (_$Jl^iil . 0 — 1 1 l _ r b*« jjJ 


z\m»\ ji *Z .uo^ 0 ^ L> A jz oj'i y «ijljF tfjjb Y'-YaJSLi «*_,IS» o^Lp yS ^yy» aj by $I 

A jl jj_*P ^l^OA jZ l_) a_>i J-j>«x ‘0 i£j)\ — i?^ ^X* \£j$ 4 jl^jl I" 0-*3_y» .XS^yt OSjP taJ-S eib (jLij J—— 4 

( _ r i? jj F ,jjyJ> -la-—jj ajoi ^1—s»»jl jLS O—-I A' <j A jl oS y*- ji ^Uwl?- ^yyr o^ba^l dr j JjIw^ ya>*b~» 

O*—*i>*4 ^ j J -la—jj dt ^bwb- 

dU = F.dr 

ds j c -I dr j F j-u ojl j a b\ y *S iJ-Xly dU= Fds cos a y\y baAj jjI ,^1^ s_j jb*. L»U- j\ Ji* 

,jli—-lj y F, =Fcos a ijjjb jz y_\s^Azr 4 -j jJaLAj>- Cjjyo <j b\yy 'j ^jLp jA -OiL^y. dr jb^ jl^i. 

O jy^> *-) OJI yy dU jlS i^uZ Ji^la Aj t .0-1 eJ— ya±jL» Jaa^ L T-Yb JSLi jZ *S z£ 

.0—1 a JLi aib Olo y \a>- L T-Yb jZ *S JjJ- Jy? iljlal ji ds COSOf ^laub- Ax! y jZ j yj yJ y ja. L ^ a b- 

I j dU jLS ^1 i^jLl .JLjaj^^ ^L>«jl y *y* F n - F sin a <iiy 4 S 4 j >-y xl; jjIS >-Ajy^ ^1 L> 

:0-i_v yj Czjyfi 4j b\yy 


.ju,o / c^l. >J OLrb-l V LT Y ^ ^jU. jlT «Jlk. ^ jlT * 






\F n , V 


\j j*j »*■ - -I tJLiU jl 0 ~%>• *—ii*5b>- ji £\ j 0..t< JS -UlL ^ybwl?- 0~$^>- ji F/ AjiJ^« ^?l 

.i JL*j (ji*jj? tJUAa^yj ^UOl JS *S ^.tJu c5^j^ <Jl** (jL*jjJ j»l>^l 


^a\—>- ^l_j j_»-Ij y .JLiL^y* (m) ^yjUfyl?- ji (N) jj~> * _ ’j- }*\ . / >\>- *S N.m JS s?-\j JSI j$ 

1—> .2 j_ Si l_ xjU ^ m ojlJJl <u jl *S ^ j~j la .*y oJ~s j*l>«jl JS jl o..*l OjjLp *S Jjl4iJ*l»v^ \j (J) <Jjj 

jj~-j i-^j jj\zi£ ,jUjL>-tj L ^Lo^-I oLiol jl jljJ^y ‘ N.m ^L>- 4* ((_£jyl j) J>~\j jljic- 4* J jj jl #ilti**l 

i£*zSy N.m Oj4* *S Jjj£ Ij 

^ Oj^Lj ^Ijb ja y* j .0-1 ftlb JS J^lj .^15^1 JjUuu ^ ja 

Ojj-3 -lJj* v—.—.— > - j—i jjl. ~ .-.. t . ^ j ij—i jL* (ft-lb) jJjj o.yi >-—>■ ji JS *S jl I ^jaSxZZ 

aL^[& _jJ Jjfj 1 _Jj^dJu^L>- j -bl^y Q . I-L) jl lyj Q - .*l jjl£~*l O — i T t_£j jlS" 4^ O—ili 4j*-jj JjL .(lb-ft) 

i_j j.<3Ju^U- .i—jj 4^ 0~—jby Q. — 5 T i_£* jjliOS" *S*Jjj*0 ji ojljjl Jos*- i_£j ilji«l ji ji jA aS O—-I 

.XiL^y* jl jl 4L^»li ji Jjji j./a\./> \>- jJ^I-i J -*jl,_y jlpi- 



:L o—t yly jl yl O*>0 Oji cS y>- ji Jla.^yi oJO> ^1 >«jI jIS- j\jJb> 

U = Jf • dr = J (F^rfjc + F y dy + F z dz) 

:L 

t/ = | F,ds 

J Jjr- 1 C$LA4_i3 y y-jj 4_kjlj 4—S* o--I ^jN tjl ^S>\ Jjl jijjl O—Jj <_£ljj 

4_J ^jL_^1jU>- ^ j+—> <. ]g.}\J j£\ .JLil S J Ft L» Ol./3“>^ 

j 4IUl iJLiU ^sa>tJL4 ^s^Lj OjjLp 

IJ OwLJ^ jL£ li c5 ^ J' If 

t J —jl—^ O^llA^ jULi 5 jj j ^Ua^J Ojj-^ 3 ^jjl 4* 

.C.. ^l o-i-Jj <ota oLIj V"—T" 4>kjI^>* 


r-r jsLi 






$T 4—» <S C. — 11 y»0 ^ ji <£j yj jIS" i^**1® i£jj*i -la *-y jJ «J— jlS” jl Jj—>• Jl— i_£j 

L, ^. •■■■•■ ^ i>i ^ <5J^ o' j* & fij^LS* J* ■>* '-> k Jr^ ^ s* ^ J* • c —’ aJJi 

$ •jlJL^I Aj I j jJJ i P j*j Ja ~«y 45" ^Jl>- Y*-“£ .C. *..■*»! F = kx iJLiL^yo j** % ^ *— 1« ■ «*Ll* 

qfjj j-i sl*—J ^Ls^A>- cJJU±* £~&r j* p—>- <> jl ^jlj c5j^ cJU- ^ .-Iao^ jll) « j j^i L 

-> Lf*~* (•—^ c£o» aJ -- J 1 ^ ‘>» j-ii !i ./* cSlr! ‘oiLr!^ -^^y* f^' y^ (*—=r 

:L o-l 

i /,_ 2 = -J 2 Frfx = -J ** kxdx = ~—k{x\ - x? ) 


Ul U 


ji j — a iS^ji ^ J^b* 4 '■*J~“y* iljl _j oJ— jl aS^ 1- ( j* l*j J oJ— eJ-JLS^ yj aS^ ^I^Aa 

yj l5j js* 0 * w »j yj <yljj oJU- jj y® ji .oL^y j-**j XiyuS^ jl-AJu < 1 X 2 jIJjL* jl yj ^byb- aS^ i y^y aJa^ Jl— 
.0—1 0-0 . ■ > • jj o-A— ^b»jl jl^ yjj tO—I ,_jil>»jl>- 0*^»- jL*j® ji cj»——- y #ijlj 

(_§lj —> .O...-1 oijy—>• Ajl_— A—»j jji ■- _^1 ^ t^yi— L O...* — ‘jl^ j!*XjL* s-Aj J V— 1 aS^ j jixjL*_A 

j— -AjI— /: cC - , .-1 (ft L) yu > - >.■ > - ^ at ^1 yjl^jbj .aj— Ojaa j A^Ia-A^-Ij aj oL tyj Jo—jj eJLi ^l>«jl jlS^ a*—U— 

.JLlL (lb/ft L) N/m 

jl_i>j aa — L Jj-Aj yj jylj>"l *£ j 4 J o—1 1 aJojIj —- Ax aJojIj 

iy*Jj 1 . J* 0—1 (^loO^-j L a *. — j a,1o— «J—L A^a>-^L* jl fj*? T* 

JjU (_gl las- la®- l:...^l 4 loilj aj>w jj j y*_>-L-i t|»A.».«...- jljuli— »ly>-l j L a^—UL* j j yj ^ ^j>- a5” 

.O-ib JUlj>j (jlA^jj-^b 




JoxJI 0*5 *2 jlS 



aS pij£> Jaj ji \jftl £j>- <0 ^jloji iJjj y eXl jis - o_>^l 

J-S" EF XiJ^ 4 —^ j jta jij -5 F tSJjz— J <X»*j jr~-* L ^>. ilx*l 

■ F = IF jl^ Ja-jJ mc^ly .(T-0 J£j.) C—>1 m p>- <j ^loji <ojl j 

dtc \-»j oJ_4 ji y* y —- 4 _p jl j «xi r c--*j 

i' ff— " <_ f —^ F ia^y «-Li ^1 »*jI -^y^y* u?** tC—Ai^* jIj^j ‘ dx aJL **y 

:L c—I y\y y aIoAj Aj \ a]oJU jl tj'i ijj&ut l*.^ * i5sl 

t/ 1 _ 2 = jVrfr^JV, ds 


O-jjs* f-* J <^1—5 (ji j^dW - ^ lj «ji OS - ^ j £jj-i J*lii ‘0^ j* Jl J&\ * jX- *£ 

Jij O jylf Aj l* JjJ, <J£ jlS” *j Js> yy, <dajlj 4 F = ma 

t/1_ 2 =j*F ’dr = j*m&'dr 

Od^^-*d • a $ s = ‘p—jl .J-JL^ m 4_jb~i xiJjA a, 0^ ^ iC—<1 a .dr = a, ds Ul 

:l» C—<1 jjljjF fjj j^i jlS - aJojI j 

^,-2=1, F-Jr = JJ’/nudu = ^m(u 2 2 -v, 2 ) (r~V 

V 2 J uI ^l-* 4 L5b' J v ■-' ./ *-i jj-il J* J *—y J> OilX«l ji y J ^ ^yj Jl_^ul aS’ 

(cXaaIam;) tSjy^ 3 


t—^ l5jj—’I .JjL_-^j i>c-Pj—-i 4_» 0j$^“ cJU- jl lj jl lj tC—>1 oji c5jj »Xi ^l>»jl JS - L ^jI^j *S 

r -* 1 —ft*lb Jjlxi* ^ jj t SI j* (J) Jjj L N.m j^-Ij L ^ISLul o—I j^S 

.-Lil»^» c..t< A*L *+A C~f>- 4j O -y Oj-lu 

{J^.y jij '~ J JJ~0 *-! tjljj y* I J V—^ 4 J 

[ Uu 2 -t 2 -Ti = at } (r-\\) 





ji Jjl j aJ,S' Ja— y e~Li J& *£ AAJy jlAJ aJsjIj -AALy ojj *-& (jly (jj^l J J&*^U 

bl tC_ j! 4 JO— ajly»J8 7 a^/I . J—L ( y a jj 4_£o— ^gjjj! j~*j L yly ^ C. ■■«• /» J Aj \ i—• —-X j jl y-by*- OX» jJ ajj 

.jj^ y t£j y' j-**'” j' *A—^ jb' aS" xSy jLj f-\ \ aJsjIj .xib y-a L j (.yx 44 OX o—l ySbji AT 

II yly t/l-2 aJLi ^bXl jb AsU>l Aj T\ aJ,I (_£jyl Xj jyjs A) Xlyy <_$jyl J jb Abb* j£. jJ 

:L 4jyA jl^ jA ^2 yl^ yAx- 


£yij ^ A -Jg '——ey 1—< ^lo« jl 8 -Uaj JbLAJ (jLfrJjUfr ^yA AiAy yaM ^aj <_5jyl - jb aJsjIj aS" y 

.X_^j-bj Jjb* V— \ \a j T— \ \ ^jlAAbb* ji *S c —-I jb—I .x—Ly ^lij 

iSJS l-J^ J>)J iS^U® 

J eJy-< 4 _jLA A—1>»* O JJjJ> ^AC- <.(£jJ\ J JS y-JJ y-1—' Oy aS" JjAy aXj >“•->> Abb* ,Jjj j! jybl 
J*l— l$X (_£j J\ — jb aLjI j 48y>b- Aj •X^ ( y I j iXAJy ^b*jl jb A^ ylftj y .«—g- y Otf-_y Ol *J b .J b . — 

.Xyiy O.C-j— JjJla j~Ju Ao-U j ajb ^UXl jb aS” c—A ybjy jl aoj j! 

jj .XleJ. i J.sA l a ^ Aj ^jSw ^13 yP J ibbJa^gl jjX; Jl—aJl ia —y *S fijStf* J** 0 J&\ 

ji 'jLvSj ^UuU- ^UaaJ ja <^ljb l^jl jjl Jslij j »ij> —iILa^» j * ij^t>-jj Ojj—> aj JUXt ^jI 

48 Ji ji ^Uxl jaJ—«— ilSjf £jj jt) ^Jo <.^>-\i ijJkJj? -la—jj «J— ^l>ul ‘A >»0 ji .X—L *JjJ jl-Alal 

a J— ^UAI U J $ JS t/1-2 J* J 3 ' Alil/ta 4^1^)111 .0—1 J>~t> j>)j> 

4 J-S" L5 -Ao r (jji^l.J—il^ ^—t- (^Ao- JS" iT 2 -T\ ij~*: jjl^ AT j ai^ ( *o-— ^/r 

a --1 Oi' {SjJ\ - jl^ ^. 3 ^>.j* *5 -AAlj^y (O-r- ji ya ^^Ao- 

.J ^»- ' -> - — Aj _J>«j Aj jLj OjJj lj |*-* Aj J—i— a ji X>- jl J5^Au ^yO--— aS" 

A_A£ Jj l— Jj_A— a ji <-Swi (_$lj—i IX>- I j ^ai> i jja |0~ — L aj j 4^ — jI ^ jM (_Jj yl - j\£ tS 7^ J 3 

yi 0jX 4_JU<g Ojj-jg Aj *£ olji jO~— <-^> t^ly .^b jlAJ |*—>- j/j/ < 0 —y>" j'S lj »ji «Xi Jjlj j\>- (_$Iaj 
jlAJ XL JUi fjjjj < w y ji Xaj^ ^l>Al JS jO-;— jj *S Lf >- jl>- JUi (_jIa jj^ jl LfA 4XleXj J-jO* Aj 


kSj^* '■J’rJj*- <Sjj\ k JS" -i^A^ aX?o- jbj aj O-X <^jy> t jb AjI^-X' U y-Ab y» OAy> 
jUj jj Ij i^jjjl jlxia Xly^y 4 XAL 4 *S jAi^- y ijJijA 4_^j l^jj i40*<X 0->y yl j^b jL— 

jj .Xaj y jgA eUy tybj OX ji I j {£jj> I (^i^ij jlJX Xl» O jX jj j 4 ^ jy y— b 4_^j 4^^j J O^a jl Xj ,Jj j>»j 
yjl yl —>j .JJ _^(_5 _* >—jL ytj aX— ^»j»j/<y^|j ^y jl jX A» aS" J^A^y aX>i— jl Ja— y y*Ab i_^j O-j^la A>Oj 


*j \j uSLjlijjjl yjliS" Y ( J-a3 .jJj joyJx *-SLjb— j! jA ^15* JUi 4- 







j4ji dx/dt 0^^*« P—dU/dt —F. dv/dt l> dwi j» ^L>«_tl jlS" U ojljGl <j F la ,.^jj oJL^ ^l>ul P jl^j 

jb ^il <ki v 

1 cr-\Y) 

j—^lj .J—iL»^y* N.m/s — J/s J—^lj (_$!jb SI ji j »*.,, „.<il ^JlSw! o....»fT uSo jljJ aS^ c<^I 

£• jljj -b>-lj ji (J/s) Ajjli jj Jjj S* j>)ji *£ o—>l (W) cjIj jljj 

:jl JUjLp 1*1 Jil*A J ^jA » *■ - -*t (hp) ‘' ■ -/ 

1W=U/s 

^ hp = 06 * ft-lb/sec = YT* • • ft-lb/min 
\ hp = Vt1W= */VHkW 


odjb 

A—-b^b (1)' » * ji L$JJ ji ^IakaI jlS^ Aj (j?**'^* ^ #JLi ^l>ul jlS^ i—■ ■... i 

(_A*L^ La ^I^aL .XSs^S-\jfS Jjb Aa jj-iU aS - 'jjfji i-jjj jfu ^1 ji jLil* 

J a >*-< j a^-1^ ^jj —;l *—itAji lj y» \yj .C—l O^-lj jl juZ ojl^> ,yojlA .jjloj >yrj jl j> <Jjj\ 

jl iXs~~* Sj>Ca < ^Ijb *S JaL <j j* jJy <£jj\ t j~ib 

—i Ja^-a *-il )e>\ Jao^* Aj j tXZ Ja-La <> ,jjl .C—l uS’lSCk^l { jx» 

XjX <1)L P '—•*«>■ 0^*j jl aJo>J jAj* 

p 

e m = ^ (r-)r) 

e *jt—t eJU- jj-jl Jj A —S’ XiL jl^ L ^jSna^SOI O-aI ^j^*A L^lSdauA*! ejb^p oJLi i_ «JLj (_5j^ jl 

:L ijj JaIj^ jj\jj e Oj_^> .o-ib J*\y^ iy^j y, e, ^jly- »JjL j e e i _ f SCySCII 


e = e m e e e, 




T-W 4j^oJ aJLLmmmb 

ji ja 0 • kg »- <— (_g I opj—U-— O—jjila^ 

nVs >_...i jl A <daxi ji jl ^Jjl 4j»uUi^ B^]oaj 4j 1 ^——I j~» 

A —! . 0-1 */r* L# Soo- uSKk^l .oil i 

-^S’LS^lta— jI j-J j /?(^jj_*p (jjJ^L-i «r sijl *.« ■ — — y :J>> 

jl—£ .0—1 «J— osls ol— J>* tOUjuT 0—0 U*JJ 4^ f ^£ 0 — 

^L>jl jl—S' (Oil o—l J-jI 4j ^ jjj ,_5 jJ a— jj sOi ^Ifjl 

R sc 474 N L#-^ *-^ <SJJ 6j —- J 1 —^ l _ y O* >1 *L-^ »Oi 


[t/ = F.s] t/,. 2 = [50(9.81)sinl5°- 142.1] 10 = -151.9 J 


7 2 - 7, = A7 :l o-l 


y)y. ijr—^r iJjy '. 


[7=1/2 mi/] A7= ^ (50) ( 1 / - 4 2 ) 


C$j>' - ^ib j' 


[C/,.2 = A7] -151.9 = 25 (u 2 -16) 

i/ = 9.93 (m/s) 2 v=3.15 m/s 


■Hk(j* O“*^o““? cf/V' «fe*' /> <0**^ cr*^ «/“ [“4'/ C^ a /(l*?} 


r-w Aiyj 4iw 

jj£— o!U“ jl >.XS IjA* kg ^j>r 4» (_jI4-*p- *S jy— 

t ^ l a ...* (_jlosl_*- VO m Oil— —• L# l OjU 1 'll— l j OS'jj. 

J*—.jj" <-$■ ^jLS - <u_-L>*4 c -;jik4 .OL — J{ y VY km/h ^ lj ^^ipj- 

e?L^lospl v_— j«i j* .Sy—j^ ^lf«l OJL* ^1 jS a—uv- 

•/Y. j ./YO ( v ) L, */YA j */T* (-UI) L- ^ --V ^ <_fe- J ^’col 


: c<^i * a J{ “^h 9 ” —ilii ^1^ jjOlli ^yiS” (_5 jj j^I :J>- 

a = ul = (72^ = 

2s 2(75) 


[u 2 = 2 a s] 




o 


wr _ 

:l» o.~3 y)y. iSJj y. la • / >' _A ^1 L :(<—dll) oll>- 

[F = ma] F = 80 (2.67) = 213 N 

jLS - j *3jSl J,j-k J .si—I fi s N = '/T' (A.) (VA1) =Yro N tlr £^ j\jju jl ^ ^1 

:L si—i y \j, r\r n ^i\j Jiz u-i siKk^i .jLi 

[£/=Fs] £/,_2 = 213 (75) = 16000 J L 16 kJ 

o-l‘/Yo (A.) (VAl)=m N y\y p\j^ iH s ='/yo ^ :(*—.) siJU 

ti'LSUa-sl tJjj? j *-^ s r *5 ^tjS ^ «_r’>^ 3' tSy^j^r ij^y ^ If N fjV jlAi« jt 

:L ^ y^tj* y\ j 1 ' ^jjlA ^' (A•) (^/Al) =10 V N .j y*(_f* j ^ a “ d \y 

[F = ma ] a = F/m = 157/80 = 1.962 m/s 2 

^jLj»wL>- <>_. < ■ ■> - i^jjlj 1 ' *• ■ .22i_f* 1; v—« i2ySi l y» o2y^j O yy IS" j 4—>■ }o.*y 

( V5P \ 

-JVO = 60/Y m 

[ U=Fs ] U 1-2 = 157 (55.2) = 8660 J L 8.66 kJ v l_^- © 


JutaOjo olSo 

i/jlffjA c^f /2 <ti.«> i.a (yj (jLU (y&9 £•/ .lZmuI yue /jJ/J (J&Cuvl K—ftihjp\ /f iCmuI ,y (yjLu £yhw <tA yfy W/l> O 

•/*>(_ j* (®^7 (jit /f yf'/J )/lf iSM 9 ‘-^4* /f M */** a )/b i-fliLel (J}/4 

/J?./&) c*»ma y pJ 'ujjj i_/6 (hjfi) t/u>b cpy /) hZm ul i -fO]u>l ^'yu (j&f <7 'Qlwj <t i . ‘ . w .^ (yj @ 

,)l) jjt>ly ^(&iI /lf'c/\yA£> |^u(A jj 6)/b ( m j4 -‘i iU 1 — iS9fit *—^/9*o (i)4 /) ( 0$^° /) 


r-\r dju*»Muo 



J_*P C^»J iSp *i o-^ &JJ A. j2 0 • kg -oJai 

..> i_f* j>- p\Q o . s >\ iJjJj Ooli Jjj f * * N violi tSjjz 1 

j2 tjl 4j j*i *S ^)l>" j 2yZ^j» Iaj slJU*- jl i4 A la a i jj AjsJai 

k = A* N/m t^ljb p» . 2 J oJU-lS" JC X = */YYT m ojlJUl <u la^l 

.J—5" i iL-j- 5 o~o4 j jJL—j Ij Ajihi V Opj-j .-LiL^y* 



300 N *s vo-l ^ .JUI ^ ^ ^ ^ iJtjl :> 

Z? aJoAj 4j A 

tJjLS* j 4_jJa5 J^L-i aS” JUi y 

-> A,JC A» • c —' ••*■* «- 5b 3LU jj .ol ^ si— 





l a -» y A «1 a t y }jlj tSjj? ^^*->1 jl£ j*I—**» <_£jj A^ X-iL^yJ ' y ^jlj <_yar jYp~ Y“* * N 

JLo *^-^y *y->- J x'xJ (Sj^-Z (^-r- iSjj y Jd^ iSjj “>yy jrT^ J~*J' J *^ ai ‘JiJ 

.xJ.1^ 

y. >J 3a—jl .xi ^UJl jis - <x£y ^> jt = */YYT+VY = ViYT m A, j: = */YYT m jl a*]»3 

;L c-l ^ j ^yX. A*ia5 ,jjj 

t/ = |><£t] f/j_ 2 = -f* 433 80xrfx = -40x 2 1 1433 =-80.0 J O 

^ J 1 12 J 0.233 10.233 

C —S ' j J*—> «_j j-s^Lgla- l» C*—>l JjIS' Y 1 * * N OjIj t£jji> |» X » yj < lSJJ y. «Xi J^" 

L; C ~ *l j->\y «->—-i ^l>*jl jlS - -XiL^ V('/y) + (*/^) -*A =*/"\ m L ^jI^ aS - i C tjiji ^ JjIS” ^yiil 

j jl£* j«- *—j -* tj\y. lj iSjJ- aJojIj by£\ . Y 1 * • (‘A) = 1A* J 
[U \-2 = A7] - 80.0 + 1 80 50)(u 2 - 0) v = 2.0 m/s y\y 

(_y<bl AiJ^a (Xi^y. AI3^ ji Aj ^yjl^J Aj <uJa3 j£l .^XS^^J A>-_jj ^X-..^ <_jl>Xl y» l>- tXjj* Aj 

A_, C~ — X jLS j-J ^l>»Jl (_$1 j> Xj £ y ,jjS Jl>/Y m ^UuU- aj c~ — > XL A^la i ,jjj y JAST* * N u LlZ 
A^iai C —^y iiy lyry JiJ J o* (^lAJaa-% JjU uS'153sl^>! ^1 .iyy jU <J j\£ Aj J*- 

jlS - Jijjl X~-X< ^Ijj j Xi^ a-^U^. jJa» <_S'l53a_^»l t j-ii* jvJU ^ a-^U^ jl ^ ais £ j* (^dU^ aj Ij 

^yjUuU- Aj C.;... I L^lSUa^l jl (_$^jS" JlJ&jl 

Ji-hOjO A*£j 

•) 9 >.y l/P m 6' /io j) (JI/JmI )f/A f A» (•/YY'Y' + x) yi iSM oy. 4 >" (S/J ^A «<ite/ X f*ku Jl Q 

r-)f aj^oj 

Xfrj—J I—> Y , '°t rr i Jj lj yjJj^S V~\> oXS" 4 A JliSl gujj 

<SlS3a~a\ »x-Mj i kW gjjj ol^ /I VL VY m/s 

"Y kW a_j (jl j—i Jl—_^l .xxS^ a- — *jL>cj I j jl x >.. j ^Jx-i j oXS" 

Yo—>l oxS" a ^IaJisJ «_jlii (XL ^^ijljil 

jA/=n.(VA^)cosr.° = r.i* N^jb exi - a ijT ji :J*- 

4#Jj-j JiLX) ji I—A jy (OjLj C-Pj—J <_$lj—I .Jj-i^yj T* "\*^* ^ySxX^j i_SlSUa*ial 

r- 3060/It - 360(9.8l)sin 30° = 0 T= 3060/1* + 1766 

:L O-l ^jI^j JjIS jJ (^Xj y- b\y jl 

T = P/v = 4000/1.2 = 3330 N 



[ZF, = 0] 


[F = Tv] 


O 




3330 = 3060/4 + 1766 


T jib j\J L 

/4 = 0.513 v l yr 

; lf y)ji a ~~5 cri'j*' o'X 

[P = Tv] T= P/v = 6000/1.2 = 5000 N 

.Ju\^y O-— Ju jjj 4j jlahl* v_ilU _j 

[IF, = mci x ] 5000 - 3060(0.513) - 360(9.8 l)sin 30° = 360 a 

a=4.63 m/s 2 yr Q 


JuAo ot5o 


./jylxwj fbiij ly N.m/s tf<J/S yl t)Lilu)l •puib <tul I) luI$ Aj culyybf'JipA Aj 

■pUyJ My m/s yl (jiul iS/lpb ylpLt Aj yJJj 0 4a?0_ (jidl>(f'c r jtjulj i/lUfj* (Jjijjyil iZa& pA! ‘tf'ypluUjb 


o 

© 



V-IA Aj^jOJ 4jLLwdUi 

A 4_lai ji .ii J ^‘ L5 _4 jji JSLi ^ ji m fyr <i (^lojly^b 
.juib^ u, = T* • • • km/h c-Pj- ,^1 jb j c—1 A, = o • • km l; ^IaJLpU 

jj—Mtj jl fly — \ Y * * km a_L^ li ji . B a laAi 4_> «j!jaL« Ijj! c-p j~» 

Oss" 


' / 

\ X 


> 


'■^-Xr 9 " (j^j j' j* :J>- 

R j m e l_i <w~j j a j aS" jl £-UJ j (j-^j ^jp* l jsJb l» .c—-I j?«j JiJ 4jibj- jl j> 
:j*jjb 1-Y <bU* ji -oil?- jj-l> ojJ^ »ab OUj 
_ Gmm c _ gR 2 m 


i F .la .-i j} oJLm ^bul j ^Ja~j r — R j F — mg jj$ IL* Gm e — gR j^b jl a? 

r cri'^* ^ -> ai y. F y' j* j' 

C /,-2 = Fdr = ^ = mgR 2 ^y - ^ j 

U i_2 = A T y 1 _ jlS" <dajlj j! 


mgR 2 —-- =^m(v^ -v 2 ) 


v>\ =v 2 +2gR 


/j__r 

/2 n y 


Jib jv-a !,ji Jp ^iLi« jili jly L 


© 




ft 10-3 

io- 3 } 

1 [6371 + 1200 

6371 + 500 J 






= 69.44 (10 6 ) - 10.72 (10 6 ) = 58.73 (10 6 ) (m/s) 2 
ih = 7663 m/s L Vz = 7663 (3.6) = 27590 km/h 


iJ&UJ OylpbU <1 it&uJ Itj'jjjf'tep 

.ppw 4j&}fA D LlAJJjytJ * D-K ( 4J (lb*/ R CLsmj/J (jl/J 








■'-cr WA 


V Op j _- (_S~l, < Cl a .^ g l jjJ_j 4<iijljj j»jli o-ui-a 

o JL . t. «jlj Jaj!^_»i < B <oL <b j> j* IJ *5J» 



JSLi 


t r-u • * 1 : . .ju^aj 4_sj, ^ r-\\ \ 

*SLjjyj3 ji j xiL h = \/o m j b - */A m * m = */o kg 
cJLj- jl <*_iJa j,i .t l—Aj j! —j B <jL <» Sjy*"j> Opj~* 
<oxl>i4 \j <S\£\a.,<»\ Q i»LiL l/v m/s jjlj> i 

<>■ Aiij o~o jl l 

Q = -\l AroJ v l_^- 

« > Ui lj Ja_-> jj a j j i_5C_j C ■ .«< y* j\ij—i Y— \ \ Y 

d>L»j / ( jl ji oxi .ala r = A t i+Vt/ T j —»/o (f r -Ok 
y-* ^—*" jl v 15 —*" y. 

0 J Sj al_>«jl P jl J-j tO y t — L S ^ U U ■>. 1 jJ .o ,j* 

j-i! *ji (ijj oS"F = i- i -Y* j nkN^L-ji 


.x^r 


'j 


Lmj Ij 

r-* ^ J**-±sv> j j'j— * 

<^l^ j'j— cT —\j i Pi b\j y -Sjli fy ^0 kg 

iT • km/h OjI _j oPj-< L j x^ji o __O jl ^isj VL 

.XS i 

p = m w ^i^ 


;j j/- oJL^ jl\okg c^r <oA o>r-\*A 
4_j j-_>-L_) L^l ^la ., ^ 1 Ij j Lftj aJLJt eala jUL> OOy 

fL_i o—t<j—#1 o * *— i Y"» jlX yJ j OjL <1-* 
f j^ ^ t# 15 *— ^j'j P =1" N Ojli 

\a* mm }s ^Iop- *S jxS ol>- Ij yj 

.d——l C-oIj B ji ajiji C.^O.Xili 



* J-if-y 1 » J?—- ^—d 

- j' *-i ^—-• J—^ 

tC-jL jgg AJ ^ o * mm ojljGl 4 j wbo A km/h 

JT— >* J j 3* y 1 ^ f3^ oijl* 

Oj^—f 1—Aji3 jl J-J 4ia>J .-LJ^ Ij 

.00^ J^i 

A:= ULA kN/m ^1^ 



r-l JSLi 


ji j cJl_>- jl 171 ^jJ® V*—\ \ * 

ji <-5 ^ J ^jt Iaj A Aiaij 




JSL-. 



r- n 6 

Ij ^ Ji c5W^* ^li.JUS r-\V\ 

^__j.J bL*j^a ( J_ina aj—*/Lo rn/s opIj 

4-jjlj (J,..jb •/Y' * aJ** j l* 1 _ •*£** {j*> 

A_)lii -u> _j aj l fcja SU JLiil aS” .Li£ ol~^ Ij • j~»j~» 0 

• /1 0 m/s j;-- j-I aJUu O.P. J^»1»«jI ,ji j*J Oj«k Jl-^'J 

0.45 m/s 



r-llf’ <U— JSLi 


•daijj djSL* cJb- jl Ykg ^ <jjlo>r-UV 

l*JLi a—>sjLjj jj aS^ (_^jlJ——i OjC aJL« y j Iaj 

.0—1 */t ^1^ ^150^1 j> *C-I 

a_j A la>J jJ Ij oAjjxj U Opj-j> (fc—iil) -0£* *— 

.Ij j^i X J$Li (►•JjS'l* («-j) j j^ 

(i_i]l) u = Y/olm/s j (u)jc = Wlmm J_p- 




r-i »r «jlo- jsLi 


jj jui a_Lj j ^jJ’ jiiij/r-iu 
j£l .J—jljji O ji OjI —» jy->v J y->- (*-5l-j *—>*a~0 
*-£ 1* <£jj y Jl j; 0 = ° ji jj£~» cJU- jl aPj*ju 

t) OP* ;JjL—»J OS^j>* 4j £j jJ* ^Sb *^*P <Lj* jJ 

^^ .,\ .:<T 6^ y^*^ V° <j 0 Ij ^jif 

.JLi^So ^laj ji eji Ojj-^* Ij 



l-Aj jj £—<* CJL>- jl jJ> jl <-£-J j-* ^ ^ 0 

jl J *.) Ij JjtS T 0 4jlji^*»l jl j* op j*» 

iJLJjuI T m ftjlJLJl 4_ i ^a jSj^S T * ^IaaJI^oI a^jjI 

(b) cJl>- j^ y? ^ .J^S 

(a) cJU- ijs-i 

(a) t)= VAM m/s j (b) t>= YM m/s ^1^* 


r-l IY <IOuui JSLi 




lSL, JjJp <jbijT yy */Y r-m 

i_5j j -—i Cshu yti ji B Li A jl OjU <L* 

Ji .jlJ^J /I . cJ^«N j4y t v Li» ybiS - c-li 

4_j ^*3j* ji \j ji V kZ~£- j~» i J_iL jj£»* Jl»- ji A <duij 

.S^S 4_>l_p- (JL AJ^A B 

v = 1/1A m/s >_jl^>- 



jjr* cJbU Sa jj,' jis^r-m 

f j-^r .Jjb lj V m ^LL"jl o j AxJa <o Jjl 4 jL 1> jl <iJi jj 

r kW JJJJA jljj £I ..Lil;^ "\0 kg iji jA Ja ~*yjt 

.XfS <LwA>«^ Ij j vi ........ ojjL r ,jLiL 



-i & ^ jno.. kg *, r-\ xr 

~ -A l J J O^J?- 4j jj^** Cjl>- jl JL*Pj3 ^ * 

_ —ls> jl J—*j (_~.—i (_5Ml —I i-ij —U 4—< ^1 5 

».ui ob P C)\jj .j^j^ o • km/h c~&j~* 4 j I * * m 

C~S-j-~* jj-jl 4 —| J~4jjl 45L^l^iA H-S" j** i£lf>-^>- 4j jjJ_y* 
?C—I jOi>- 

/ > =l*/lkW ^1^- 


v_~Ji c5L U* • kg fjr -o yu.yl V-' ^ 

. 33 j?^ «jU>- ijlj \ • • km/h c-e-j-** l ; _u>j3 a 

CJI-• ^s-U jl 1 _ r ~J, Ij 3j_pJ C-f-j-A ij-^y ^jS* Ij eXJlj 

^-4— 1 -* (£jj-a il .»cl—*>; Jij* ^® km/h 4j «jb«- jIji*! jj * /o km 

<—>(—>- 4J l*OjJ^> 4j 45" Ij L*j^Ja^«jj (2 e-Li 

jJaJl_j_fc C-*jL_I« Jl* t _ s S'l5Ua_^»l jl . X^S 

.J^s 


jl—jl <olj o o jl* ji Lf A j£jLS o L (_g^jl) Y*— ^ \ ^ 

■ JjjjI C-*X I j jl Jo^jZa jl y .ijj^jA *1A> l5L 



r-m <u— jsLi 


6jJJ JjIamA 

4—L* ilj_x*l Ji 4_(bljl • /A 43jls V—\ Y • 

iO-xS' ^1—>- 5 ji Ij 4_sy» v c-Pj— .ijiJ^ jj-l* 

ji 1 • N CjL_j (_gj<L_«j 4 j A ji j j£~a oJL>- jl 4j^jlx>- 

^jL) (_glA»j3jS ia~*jj jl*—iJ . 3 jj 4i jJ *^l 4 jU —j J 



r-ir* <ii*— JSLi 





JjL— T-P 


J\j &-L J> r-\r\ 


C-S' y A jS >10 m/s OPj-- Li 4 _S' "U Mg ^y *o ^jb 

*5 <>-\ja jy~A »J &S .x£ < d~ » -a~i b B 4 la J I jA a-AlS* 



r-»r^<n—jsLi 

ji >^u b ./o kg r ^>- tfUSji* r-uv 

b <JLt .sy^y oJl^j jA cOfli *4* aIji*I 

y 0 J jA 1 _—■*- jJ r l jl jA 4^ }}£ y jL> T => IXQ *]ai Ij 
eJLl Laj A <kii jA jcJb>- j! <5ji» .C— >1 jb aIj ..■>• 

Bb<T.\' N ^b^ jjs c*J J 

• JLlS* 4-a~>*b>^® Z? 4j j_L**j 4 j Ij bJujA J U 

v - 0 /r* m/s ^lj>- 



r-^Y<i^-JSbi 


.aL_ c -SLi ^ JJL*$ ja r-m 

J 1_>J h ^Uj'jl jl m ^y **>. tS^j* Jo^y> 

jjJu>n L_j £l* Ji .J j_f* Ajij «aU jJp-Ia 

4-j Aj_ij ^jjt_b jA «aU /? id~»jl<L« .C~a*l I_wibl* Ajij 4lu»li 

j'j-4 4 jrdLrt^i j J J* J 4 ^->J -ij 
j?l . R — /lX I J dl—<1 t J»_j ytA J^Si X 4 JL 0 U 

_ _ >- j_> Ij k tljl—J iAA £ i_i5 yj> X = d 4iu»li jA \>jy» 

— jl_£ 4_Jajlj jl 1$ Jj .JL^JaS* ^j.. ■;;«> ll)l £jbb J (_/-;b*jl -1*4 I.J““* 
.AA^ saUI—I ^1 



r-irf <ju __ jsbi 


yjjl? T-* • 4jlji-l jA^ *Vb ^ A j/^ r-\YO 
jlj__J 4 B ^Cw« jljJ j^l .Ajj^* jl£" ^ Y m/s dap jtA b 

,^-sJjJ .3jL_J ‘J-J4A jl_^ Ij Y/Y. kW ^AJJJ ,/ij^JI 
.JL^ uL?- Ij e r :...., _ ^.j^JI 



r-n'6<i^-jsbi. 






jlS" (_$j^Jblajl V— \ YA 
/\ <Lij jl bjfi-* cJU- jl j »j_jj ' • * kg (_jljb i.nS'j* 

j;_>-Lj i_JL£k»a»l Lj !j —i JjjUxa eSjr--* jJ 

\/0 kN j-J^ r tloli ^Ij Cj*- jyy .OjIw^ 

5 4_U>ti ‘X£ ^ ® C..«w < j* Lj A jl lj 

jIJLa—^ k .*i ^IjUul ji uj_3 ^j <kpxJ Li J_4^;l k**jj <S" lj 

Ujl? (3tji>-l jl ^_/r l _r- A ^' -4“^ 0^ ° 

jl jl jljj,^ j c-1 j-s-U Cj*- jyy jj 



r-irA<iL-jsji 


j^S\ cJl—>• jl /n V ^UJUjiJ Y* — \ Y4 

ji «J-i aib jLij JJ—• ilJial jJ Ji L*J A C ..»,»y Ji 

jl j C_.1 i _ r _LL^ D {Jj A *]aij jl j»jl> ouu*> 

(/ifc L) _jjj Jj<J <J £) <lxt< 

Ja~»jj oJLt JU^-I A/fl (_J 5j+S- i£jjb (i_iJI) C—J^ika 

('-’) ‘ ® j' Jjr* j' uri ji L> *«Ajj*J ^ jr~* 

4_» lj oj— j-i j* — ww« i o^y cJ—^j Jl*pl Nc iS^y^ 

■il-l—lal ji S a J i Cjl——• (g) j C j *.5 <iajij jl 

.lj aJUjAl lj Z) <]axj jl jl.L~>* ^tia— 

(<-iJI) Nb= l mg j (^->) Nc = V mg v->l_*>- 


Yfl 

\ + H k -Jr 


v c = r/o<\ m/s 





ur jsi— r-rjju 


ji o_- oiu- ji ■v <iiij=—ir-\n 

1—jj4S'<_S v> b,_Sjjjjjiij$‘ ( _^lAj »xi oili jLb 0*3 j* 

[ j?- ; j o • mm IjoI ji <*_£ e j _i jLi» _j t_SL— <ij 

j_ll Jl j^-* _<• j?l .-l—jg 1. 1 . M j 4—li 

Ja_jj jj ji »JLi ibul S I Jjig j^*-> i-Lilj i kN/m 

.Jp 4—bn* liijS"jj 4ilj—I 45ol jl ^1*3 lj 4ilj—I 


6 kg 



r-irf js^. 


^h^lj ^i^iivkg ^<,a «>r-\ro 

Oj£—» CJU- jl 43jig *S ^y f^ 15 4r* iSJJ 

C~xS oijS’^ Uj tXi tib jl— C-*5j» ji jj*** j-it; ji 

VLj ujjlg 4jj4ii^ jlji F = Y* • N O^li j*ill 
ijj_^. vo mm 4 _j jb ^ij-JLi p\jo~ j>\ .xS'j* oSjg- 

B l_S1 >- jS o ji ji o.«3 j< . wU^S i jL-j- lj k i J_iL a _Li 

it = A/V<\ kN/m 4 _jI yr 




<_s ij ^/j-LS y. 4_.iji u ^i opj—- r-\r y 

ijLbL ^ • • mm jiSI-i?- Ij jl j aij^j i jy~y p *■>. ipPi 

t C>—■»! i—s j j—«-* «#JC j_J; 0>«—jj 4 j a£ jii ..LiS yyu I j 
ji y> Ij Ij - y~ 



x 

x, m 


r-in 1 <i^-jsLi 


a_? o—i gj-i ^jgj Ojj-g aj r-\rr 

j-i OV NuS-LSO^.1 <^jjj JjL J—jjt cSo £y*j> 

Ofrj_« 4*1 oil_g- i_SL_i (_gjj j— U -OS JL*>I oiU- 

4_fr j»>t4 pZ oijl_I j^l .i j-i Jaig- ^ • km/h J—jjl (jljlj 

Jj_j y P 4*jM f_yjp jl y 1 -A-it) C m = • /V. J—jjl iSyut 

.jp ( j—j Ij 

P = Y • kW k-gljgr 








r-irY <ii --jsla 


•db oUlj o^ij, jj jl/ yo «o:>J r-\rA 

f$\; c~c iJuiL,^ U 0 = • A m/s *Jjl opj- ^Ijb <6 ajJ. 

.Jj-iJ^ jl-l- ^ Ji (jl^—ljj <_$jj j_i iSY, 'Q a. 01 j •oiL^ iJjj? 

..Lila^ */0 y\y Jjj J aJjjil I j+l l5Y£1»-»I 

oJj_Li JC = I • • mm ajtjLll 4a jli 4SL.t£jk Ij aXjiJ OPj— 

jl—JLa ij—»- jl !j C (jjlLi o-jli* jli .x±& >—al~>- t3yii l y 

JaUxa lj_aj .O—'I l-jjj W (UJJjjl 0»l~*)) jj <> j Jjo^ 

.JjL^ ^jLaljil ‘JjJ» la jf jb>»j 



J C—-I j~p I • kg ps- <u Jol- >i f-'YA 

ji 4—S^ aJ_J» ajb jt-JLa j3 jl JJ_aa j - * _ j ^*j <Jajlj 

jc = Y • * mm o--ao y U J\ .oJ • 3j±j jJ-x = o 

<-£ yjy Ij l) OP j~» i33£ Lfcj l>ul jl j 3 j*L aib OS^j?- 

ji—® 4 S' l yjy Ij U ^lalo OPj~* ._Ob yyu ivO-al X ~ 0 

iS .Jajjl <0~aJa 1 3yi jL) F = iX “tiaalj -la«aa y J -Lila Jaaa- 


J3 1*-~.y ^JyLZ Y. <_aJai fUi^Sy- r-\r\ 

JL*pI JO p-jkl pi —j Ifi jA <^U-ol 

j3 O-?j>- 4 _j JL-JLa B j A jl 1 j3 <-£ 3y>y J JXS iaJai £ 

j3 IJ_iil jl P = II" N Iajj*j J\ .joLL^* ^JL®I ^Loalj 


LwXlja jJ jjS'-— CJLj>- j3 (_5-LO ^j_*l |»1— y^y 
Ij 4_*lai ^NLa O jj OP J a Sii / JLol .0-1 9= V° 

jl J-4 IA.° o<— *_, 9 <_SL.t£jb 

JL^ <>-ja j aijS’ ^ iaalj {J*r J t5”l5Ux^»l 

w 

(0 — ) COtY’* ° — AO • N ^ Jil*a oll>- jlJ jL* jl P 

• 0—1 j£jy. 



r-irf-<K —jsla 

^>ji J^-I c5jj Jd jbUjT r-iYV 

(Jjyr^ J Pd ( _ 5 ^lojjyJ o-jLLa <\« • 

<*—j J^—i b Fr 0 <jU« 

(^1j—a ^jV jlj—i (i 4 II) * J —« v5 T j.^.) .ijL-^ jl^ .LI (oOL 

(t-j) J ^ 1 a ....4 aiL>- (Jjj ja I • • km/h J 0 • Oatt (^l^IPj~a 

VLa oil—>- J3 j3 \ • • km/h OoLa OPj_ * (_$! J_a ^j*V jl ja 

<S ^1—i OP^ (^) j Ooji 1 jl jol ^jjala j J&J 

.ijljJ J>\y (Ooji 1 i_~-L jl jX.1 jAi ^\y 

(oil) p». = urt kw j p,.. = \m\ kw^aij^- 

(o) P^ = YAA kw J P^ L = - A.. kW 
(g) v = l • o/l km/h 





J5L^> T-? u i^u 


jl ^Ujbij jS Ttl ^ ^\aa1z3 Y*— ^ 1 \ 
itS tSjZ*.3 X 0 ® j!»Gl Aj \j k At J3 <^jJL>- jS <J j &wi 

J—J Ja. **a J J* ^LjhjI ji^-J ^1 ^\a]aj\j .SSj£^ Iaj 

P max ol y j^”L* j** X j~ju v h~*j>- 

.Jj jj\ C~*• Jj lj (1)1 X jijUL* j 



r-1f 1 <JLL~. JSLi 


cJU j! A,lj! ^ jLX ^ Y'-UY 

^ojJ j iss£ ^ Laj x = ° C*xi^4 js 
(^Ji\) jl^ t jjil m = \ * kg j & = \ Y • N/m 
^ jSl—* (wO sc.—-I x = o • mm a—SL-iSLa lj 4_,ljl v 

jl X-*u aS Xss jlxl —j ^UijU- (g) j I j *max <*\J 

.C-J'ta Xb\y>- Sy>-j oUL- y ^UJl 



• c —' J>y? ^^ ^ ^ j —*- ji x j! jj 

v ' = m/s ^! y*- 

,*F. kN 



/i, = 0.25 Vk - 0-20 

r-ir\ 4ii— jsLi, 


iC—(jl»iLjr <j_>j m f j-^r oAr*^’ 1 ^“-U • 

C-c-j —5 <L»li jj j wjLi F iJ"^ (j _>^*1 o>J 

jl^_3 _^l Ut jj^/L; C-Pj—i *—> V \ jl jl 

.J—~£ j —-*j lj Ur iJ —'£ ^ I »ul I j P C-ili 

F ^Ji\ (jjjt-1 j-i I *S <> b 

.Jj j£j Jej ji ioJ_i ^1 _j 



r-Jf • <JLU— JSLi 


r-jfr jsla 






J^maJLu I Y*-V 


jL? J e-> i \y»L* t j*Ji 4 j J^ala olji jl ,j\ASysy L eji tSu ijjy i J j\Sljy ji JJ ji 

J jLS" 4-JojIj j! U Ojl— S ji ASy^y L eji y eJ-i Jjlj <JL j JS (jlbjj? (_$j y Ja— y a-Li 

| » ■ : *'>»• (Jjy! aJIj i—ijjju Ij Ij Js j 4jil>- -b—jj o-Li ^U*Jl jb j^ib- ji .Jbi 

.XS'J* »iL- Ij JJI-a jl (ijL-J ejlj ^1 .i £ 


t Sl4jiL> ^j^il 

(ojj) J-i l «—bW- ol jj ^ ^ ^ ji T-la JSLi jjlka jjaj ji Ij m ^ j^ *j ^laji y- Ijil 

4_jiL>- L aLUU ji aS Jj-i^ mgh a-Li ^U*JI jlS’ o jy& *-> aji V g (jIajiU- (jjj^l -C—l C-»U L-LJ mg 

•'—*—~ J ' J* Vg *£ *A l£jbi>-l l$^l{ <~*J» Aj h » j|-Ul Aj ej j jly Vb ,j\y JiJ 


■fr-iSLf 4 s.j *A 'j (Jjy\ 



jg }—J <Jjl j* Aj C —i ?jj a£ lyX aib ejbj-l ojS 4 j j^I Ijjj #-L^b (Jjjjl ij& jjal 

h = hj jj^/Lj ^Ja—.» AJ h=h\ ^Ja— i^j jl ^J .11 jfiy Jj-Lj *-> jjjl iXbl ^b*bl jlS’ y~sr (Jjj jJ 

;L C—I y\y Jf-Jli £jy\yJJ 

A. V g = mg (hi - hi) = mg Ah 

i£jy-> •‘LJ’ • ~WgAh L Liw<l y\y aji i£jj y <jib“ i£jji> Ja ~“y «-Li ^L»»jl jlabla jlS" 


.C—I (. 




r-r jsbi, 


MV Ji—ta V-Y 


* — i&r <Jjjr-j •X’-'Vb J£—1 jA —^ .c —-I il—jj Lr ^L>- ^—«b' ^ 

r' <—i r j I oji ‘,T- (_£I_jjjjl jJjLi * ji o-Li ^ 1 >«I . 0 ™~> OjU Gmm e jr — tngR fr 

: j*i <y't-Vg vi—i 

J r mgR 2 ^ = mgR 2 ^ - ^ j=v; - V, 

./• Ui' ^ **>•* 0 *y ^ * = 0 l '-— r = 00 



(X-\Q) 


:L C—-I j»\j» Ji\xu J>\ I t r2 <j ri j! ,jiij L 


AV = mg/?‘ 


,/i_i 
r < h, 


«ji ^ **ry .C—"I <Al>* iSJji 1 ®J-i ^ ^ 

.ijlJii tXS^ c~*5Ol <» *& <Syr~* *1 J ei y. r Lh id I C~j 


^^uJyjV! J***JU» t5jyl 


LJ j jS if y* ji v -"*^ y* je* 4 lS 3.P' J^ 4 i 

toJ 1 Laj j^—i ,J^A j-~ij ^l^jk ji V e iSLz^ y/ < J r ^Jtj (jJjjl j #J-i -Aa^ J£A js*> o'f <j 

j-» (j\J—I -XS^ C—l^jL oJ-i <1)1 »-£<» *& ji ‘^r* Ja—jj ®J-i jis - Cjj^o <J ^Jjjl ^1 

jA ji jS ia~»y oJ-i iS-Sj.? ‘°*^A V’—t j* J *£ i k tS^i '-^i c#^ 9 " 

j-** •* 1 —F = kx j-Jy. A_alJ j~*5 C.* : *. J >j *j C...-I L ( _ # AAS’ t ^ _«*-> 

j <—ijyu X jlJLi* *j Jl , 3 ^-i • J-i j\£ O <j I j j* 

^ v-w 


mfttm I*? 


(Jjj-^ j - - :*~ ‘*^^i ^2 <> -*1 jl ^ ^jLli <a^ 4jii j£-i jz*-> 

\ :L julL^yt jl jl-Xi» (^L^» jIJa® Ij ^jI^j 

AV.=J*(^-*f) 

•ij—ijy* ,_;*** _r* «l^il t-l»L ( _^>IS - OS’jj .C—-I O-i® *S 

,iJU~»l «JLl j** f-t F-X jJ Of j y>- 4jL® <ii jji CjIj-jaj jjjl jl-Xi® 





(*-— (Jjj j-! ‘- 1 —- J jb F<JJ y-> j y}^ J» (Jjj y Sy>x» Ja —jS «J_i JU&I <jjJ dy? 

.C --I <Jjj J' aJj fUJl J6 lS La ,J3 <jjj s »Ai fW^' £ ftj^Lf* ^r 1 ‘0“-l J^A) Xit^ ji Il^jJ 

b -AV,, ^y-au j .—j J-—;b i$ j^Al >-it>Li>-l t(t ->• t5JJ Ja-jj a J-i ^ U*jl U J6 yy i^l 

• |*jjjl >_jL_>- 4j *_)3^ lj <&jl 4j Jajia 4j*-jUj 

^3^1-jir «u«b 

lSJjAI j' ( _ j jIa 4_U>- 1 -r — - » - J-i b <Sj j->I - jl—S’ 4ja>lj J*-Jljj^y* S* Jj iXi-Ml £ J& jJ L 

‘(*-Oi^d -r-^ -r-* J 4 —f^W- cS'—jl <yrjl— lS^J J^ Ob^ *■> b t^i-2 £\ j L*J J--Jll> 

:L U\. 2 + (-AV,) + (-AV«) = A T aaJjT-W J^b ^1 

[ U'Y^AT+AVg + AV' ] (r-w) 

«->—* fl—^1 bij ‘-'Al^ ' <J*»b j' lS # ^ f; jl b’ v -- ? ‘b i£j b^ - J^ j j~>-l J£i jl eiliuJ 

JjU cJ_*— 4_j ^ j ^IJil jlfJjl* J oji ^1*^1 j ^Jjil <i4~0 y A, <>• y l jJ j 4jiU- y> ^y 

.jjlJJ AV e j AVg <w.U^« y <^jAl; j ^IJ^I ^ oJ-i Jo y^ .c—l <u ~Ao%a 

J Jdj (J^A ^ b W 4iajl J *S X^S 4J^ y 

I »I+»’.+V,+^-T a +V fc +V li .;| cr-w«) 


i_£jL— i a-j b m f/r ^ V j T'-^ ^ b jl «iUi-l Ojli; jJ-i j-ijj ^1 y 

<Jjj? J Fjr* <JJjt> <W = mg AjiU- (Jjyj t F 2 j Fi c$l Ajj? ^1 X~>*J Ji\j j~~a ilJLl«l ji c—<1 JLi* *£ jlw 

^L>wl jl5" .C —-I »Xi ailj jUij jl iljl <*~r*y J Sy>- by** jl oji (b) o*.~J jJ .xS <XSy>- N J->jJI 
a J —i yj\~o- t B U A jl Mia J> J* F = & y» ^Jyj j W <. F 2 i F\ (^Uj J jl ^loS" y Ja^, y a Jj, 

XSjO- y~~A y iyS- i£ N JahAjl ySs- £j J .J yS, ^ ejb jl J A T t _JXo r (_5j^I y}S' X- \\ <kjl j jl a jUi^l L _ 
b>»* ^"- r " o\y£- *-> yi j o-Ui ejlil»al ^{JjJ (J^A (c) C~»~J» ji .jb ^Ujl <_ 5 jl^ tJUlL^ 

J ^^-A^yo Jal 1 lj T-W <lajlj jl JJ '\.2 <Uj*- jy~* jjjl Jo F 2 j Fi J i^y aJ-1 ^l>j| j\S .JJ^,_y« ^yjlJ aJ*i 

.Xzjy jJZua £jJ\ jl y* Aj 4ajlj ^Jo jj tSloiU- J ^ySbi-Ml Jr-Jb; (^Lf>3 J 
J C—al -"* b«~“J Jl^^lil I-Ssj 4-—ib>va — fcx J a**y 0J-i ^bul jlS' njjl J“jj y *S S jA(_y* 

J 4-Aj 1 ■!»-*» J-jj Jj <-A JU .i yj, jjix. B \J A jl b F jIjlL. j jIjl.1 ^ ^ jlI 

.JjUJ oil—- jU~~» lj V | l’ w AiljJ^ '— J jyA> ^1 <j *£ .C—<1 ^jM AV e 4-—iU^« (_gl s jS 







<r-v) JSA 


jib *i j* J »j’^ (* JL ~r - cSl* 'j v ‘tSj- j^ - *b*)j j 1 Olj^ 

U\. 2 =:A(T+V g +V e ) = M (r-\Vb) 

jLS’ t r-Wb4—lajlj aj lb .c— I ol <> J~ab« j-* j *j* E—T+V g +V e 0^ 

(*• ^■^ , ^ ^ , ' J-S” <^jj—>1 j r - ?* - ’ j—;Lrt j <>iU- ijlj ,_$lft a-IS" ia~j y «_Li ^U*Jl 

U'*b^>- ‘Jb*~ft jli) Sjy> tJlfti^^J ^l>*jl j\S *S <j\*Jj? J <-£bb-Vl cAjiU- ^IftjjJ ,j\Jj 

J a jiJ ^ c5j>! ^L) j •a* 

A£ = o I£=c -15 (r-\A) 

J::—J ^ ^c* 4 #J i a j~*j T+V g +V e c ^l£« t $jj\ J C-J C-li £ *S ^I&a 

L> jjJLS T-^A <dajlj jJjJLJ j£jJi£j <u 


L ^i~< oji *j 4 j I4I1 L <_£jjJ ji «jl!j jtf *£ £ <da>-^A* 

<jlfJlJ~* 4 -, Ob—a c-^U j>\ i$l> aS - ^.IftjjJ wbJj»- vJbjftij* 4j jJ-—<j ji *£ l>- _« <J 4 j j ijb 


’^cf 4 cT** 4 lT^ u -J ^ 


- *S ^y.j* (<Jj j\ J 



ji -j jl j* <-$ j-& j> 'j ^jiJj^> 

jAji i_y'J>\ *^ajL dr ^UyU- ^Jo F ,jjia^ij) oXi ^l>»jl j\£ ..Abil;^ (T-A J$Li) 


:L C-I^YLM jl t 


- ilJLb.1 Ji eJLi fUJl j\S £ . dU = F- dr :L *, 


U = Jf • dr = J (F x dx + F y dy + F z dz) 


r-AJSLi 


•'^“*’1 tSjl—>1 ‘lT^ jjil 4jJlk. j u - iJ . 





_i l -a'! ji Y j ^ Jslij jj-J e-Li j? - -* A-; jjU ^ *•- — >1 i _J al ^ m <JI_^L>I JF • dt <JI^&>I 

:.l£l cJiiL oU- jl V xbU jJISL. 1 -rfV ”jJj JLJI^Lj F-rfr /I Ul .a,b 

f /,-2 = /^’ - rfV = -(v 2 - v,) (r-\A> 

dV jl J_»i C- «*>U- .J iL^a eJ i Js jl J olji i_£lgljl J l-Ljl Jalij Aj ■U.-jIj JaJLj aS^ 

jljLe jJ J~Jb <J j >' JK* 1 li' y j'y <jJ^ >i-e*>U Lt JAiili£ JJi j^l Aj Oa*>U j^l Ul .C~J 

\siji 'F J—«.jljijj c-iiL Aiilj V j?l .-LiL ALib (_yi_jj ( jj«j Ajib— 

_, av . av , av . 

dV =—dx + —dy + —dz 
ax dy dz 

r^jb - dV =F • dr = F x dx + Fydy + F z dz *—> Li* jl 

f i= .lK , f>= JZ. , 

dx dy ’ z dz 

:C~iy yj jb^ Oj_^ <u jly^y jJ lj 


:Lc-lytytf Ai3j «del# t^jbjj ^yljjl aj V aJULj jl _p a£ 

„ ,a ,a , a 
V “W fe 

.x-U^ JLJb pU OUjf\j VV OjU j JLJb gL- lj V c-** 

^L^wl jl_r j XelJ^ j jji j 4 -Lj I c—»-L Xi ayjj aS" ( J-~ib jl jj-j (^IaaaJ^* a5 

■C — 'I eJ-i j*—• jl J.e.:. « (^leinAj j J y» ( j«j F Ja-x jj eJLi 


-I x-y-z oLaX jo jJo Jb ,>ji *>d<l> = Pdx + Q dy + R dz *S ^ j3 U " 

dP = dQ dP = dR dQ = dR 
dy dx dz dx dz dy 


=a Sc* 









T—4j aJLmuo 

I j (_5*yL» i_jj_l» <_» i_S~15vJa Mg l L ^ • kg ^ 

ji j tijj *\* N/m i_$!jb jl <j J - « a* .< ^is .-uS"^ oS^>- 

.ijb ^yf-L—AS - */"\ m «jlj__ll <j i.si'fiy Iaj joJb- jl eJj^Aj *£ ^ 

.ijli jU —.jj OS 'y Jjli* ji 0-»jL<u J u—-I OjU To* N lSJj^ 

.OiS iij { y C 4 J 3 A) jl <S ^yiy Ij eUO 


.|t ' - «»< i-^j If- y>iA ol yJ> jiaj JjIS jj* <1)L*—j_) j oJjjiJ if— W aIsjIj jl ojlxOil (_$l j> 

jl 0 J —ijxi *£ .c—-I t_jU O 4j a-Li JL*pl Y0» N ^ t .JL S ~ ^l>ul jlS *S ^l>,.. i bj (_£J 

o.lw^ Ij VO — A = ‘Amu ~Xb-~BC <UU to. N <d*L .jlS^ oS>CcJ> -u/\ 
t/',. 2 = 250 (0.6) = 150 J 

:L C—-I j>\jJ ajjjii ^^JLo- I 
Ar =-jm(t> 2 -t>o)=-^(lO)t> 2 

:L 0-»l jsr*^ ."LiL^ j*~° ‘U> \JLs-yt d)l ji <S" 

AVg = mg (A/t) = 10 (9.81)(1.2 sin 30°) = 58.9 J 

:l» 0—^1 j>)ji (-£o*Vl J-.Jbj 

AV e = iik(x 2 2 - x \) = ^(60)([l.2 + 0.6] 2 - [0.6] 2 ) = 86.4 J 


[u'i-2 = a (r+ v f + v e )] 


t|*ijb J* oIjLp ^1 d)ili j\Ji L 

150= 1/2(10) 1 / +58.9+ 86.4 


juao olSLi 


•**>(j*j fW <3/^9 “>9>. <^A A >9** •*/*/*> 39/ A Ala/, lU^ 1 
.iZmuI <_^ul» A Vg./j&by JJ6 <-3/b <o (jk/k <ti)fA tsbb 6 M/*I {A '/'a O# 

.<— yf/M <t ! jultOy cl-uuj) le^sf/M <-jUzil .j/jJj cLZu/l ly AV e c^a — — JCj) p cpliZu/l ^ <tf' / u*jji> <t iwlp c*&) (JA 




T-W AJ^jOJ 4. L ‘ L w*0 



(-S'!—L_j j < ~ ~L S Laj A Aiajtj cJb*- jl ^jJLS^ V (_$loJjji) 

4 —; >i -^jil^ JJ t5 le Ji'i Ji <^<3 J> <Jj~7^ 

^1^-iA ij oJ_>^*J c-s -j—“ .->—• A m aljl J jjb j To* N/m i_$ljla jl 
.J^S ^j—*j flo—o ja jl 


(j —J J —* -la—jj" »^j*3 (_£jj Jj J ojj -la—«J-i ^l>*jl jlS - :J>- 

j J—-Jli i^lfcj^l Ol jz*j -C—I U'\-2— 0 ,^1^1^ ^Uwl (jJS j ay C-S” y>~ j> $y*s> to^jiJ <d— J^*JI 

:l i ^ji^ji j* J ^y J L$\ji <_A>- 

AV, = |*fc -^)=i(350){(0.6[V2-l]) ! -(0.6) J }=-52.2 J 
AV* = W Ah = 3(9.81X-0.6) = -17.66 J 
A7- = |«(t»i -o)«1.5oj 

[AT+AV g + AV e = 0] 1.5 v\ - 17.66 - 52.2 = 0 

v B = 6.82 m/s *_J 


tX*A« 4jSj 

/xJu tj jZuH/l) ;(j ^yU^i {JLmIaa <i ftril If- dr dl/til 4Jiw% t/j/ii (J)/ /( i/ifi (S9/S hiuy 6 /jSj fhvl ylS'jf“S'/±S'toy 

£/-*b ‘‘-i 9 )/b (J-b—til -hu)/* <i (Jzw -h& Vb <tf'//S'<toy .^,1) /9&* JS S /*“*•« M O"^- 4 9 9/S thl <i9b /a* 9 9/S t/W) 

.lZmm! (j;Li (Jl m >/9 a y> yk.'db! 


o 




wr jji— v-Yo^ 


jl 4S ^liJJ P ^ r ~> io 

u = */A m/s *_Jjl op^—- ^Ijb o jji?^ .A o-^iy. 

y 4-Ltfli lJ jLS' J ' *0ijS^ jl ji £ J~(> ^ -Lr^^ 

jj 4JI>».I *SL.l£jh I jA yjjiP <kii 

.jjiS” Ij */"\ m/s (_$VL <u 

y = ./m m ^l^. 



2 kg 

r-lf6<0l—JSLi 


A o^i^ Jj OjSL. oJb- jl \/Y kg •Jklj^r-UI 

jj ij>- j <lL« jIal*I jj iti’Kitwtfl ojJj j ii £\j» Uj 

jj Ij td-jjil Vb (i— iJI) tJ o S’ jj-j-ju .jjJJ^ |»jL5 *->Ju0 
.1 j (*■*£j$"L (<-j) j B o~*3 j* 



B 


JSLi 


iJjLwuuO 
^ LojJLo JjLuwU) 

A;:o£— cJL *->/\ o>r-ur 

L Ij <JL* l_94j J 5 Uj 

i/* 1 -- (jljli >-» *jj->-y. B ^JU. 4_, U op 

v l—^ l j v -JL-iL^ rvo mm jlj! J jJ> jk=U N/m 

.juS 

v=)/)oim/s ^l^>. 



jl ojI—>* jl i kg *r *—* i^l*Jjj>J Y—^ ^^ 

<-L» (SJJ J~i cSjr-*?^-' eSL£la*tfl L; j <l 1£ \*jA o~*i_yi 
o—-I k_jj—lk« .jj—j*Jli ji JSLi ^Uj-jiIj 
4—L« j2 B * ]»*' > <j jO —j o-L^jkJ V Op j~» (t_iJI) 

• j* X j^aj jSL (i_j) j 










OjSL— oJu jir-u - ; r-uv 

j3 3 j_>■ (^UiaIj aJL-« 3Iju»I jj c5*l^la..»l j j -Li A i." ■ ■«*j* j3 

L^laIj a_L. i_ijl» jl Jjlj <J3 j*p l5J j y -JjiJ^ p- 515 

: C 4_kjL> *—> j-L_—j jl _ yi v". .uj3 (<_ iJI) jj I j «JjjxJ <j 

jl J—5 C— ** j3 (g) j C 4 \ai\ jl jl -Laj C—»j3 ((—’) 

.JjjjI Q wiJb c E <dajj jl 

((_AJI) Afc = vv/v N J ( V )W C = >*m N ^ 1 ^ 

( c ) At = ro/r N^L ui> 4j) 


CJI^ ji^^/^io bj> r Ai^r-\fi. 

Qjl :>l jl -L*j Uj eJ-i »3l3 jl.-1 O—*J j3 jj$wi 

pj—.j-iL ax—I-C iO—*l jl ^jj Y m aS* 

,x£ ( _ r a^JL< IJ .0^ JiUl. m -_w.L« 

u..7 m---—H 



jY olji j »-L-i O aIuL jJ aJL* V—\ 0 ) 

^ bj£-~> CJL^ jl a_L» /I .JL^^ J— Ij i 

Oj Ua< (Jjl_*j jl—«JJ pJLb# OnJUtf j3 _j 33 £ Uj 0 = "\*° 
J_J C-j3 lj Y 0J3 V C-P^- (uiJI) vl^ C—l 

p-*Jj^l —» ((—A J (j-i^ * k* i O—»*Jj* J j -r—* l-f 

4 - s t*r' J* J ei J-< IS’ -b- 5 ’ 

• C— I ^yiil “>Up (33 £ y «3yLi nSL«l^-» aL. C-Jii y 

(i—ill) v = V\"\Y m/s j (<w>) jc = ^ Y/*v mm v l_^. 


j3 (j y~~^ cJl— >■ jl * /To kg f-rT *4 c^l®Y* - ) 1A 
cSjjja - J trfli (^-b^ jj* j in'M <> A Aki 
er-* ® j' ^ ^>• b » jt* j (j- 

. 0 ^ 



i? c-w*3_^» jl m <i (_5l»JjjiJ *S tJ *jy V—\ 
jl 6j_>jil j?l .JwiL^* j)jJj k o-ili Ij j*i (3jJl? ( ^* 

5 kl_ij j3 Ijjl OP^— (33 j? Uj A C—*iJ* j3 OjSLji CJU- 
a_L< Ja—jjj »J—>j*J j—; 3jb iS^y^- iSjji 1 —C j 

j ^j-=r o-rri ^"1—^k-<jl jl ?vi—-I j-U>- C c - «i j3 UiaIj 

.-b*^ J^J* 0 ^ jl J jlj* (*Alj AJ>U-J» j3 aS^ JJ-L* (^LOaIj 

V B =.lgR+ — (p-tVy) ^ 

V /n 

v c =J?gR + — (r-xJr) 

\ m 

N = m [ c> g + ™( r - y( J<) l] 





m Y'-Y jjUt; 


j i i > - j—^>- 1^15 ji r-^ or 
j—*-I j j-S"<S^ C^w-l ^lai ji i^j>%jjAj <S jIj 
C—S’ j>- ji jl J^S .xi»L jL~SL aJLL>* 

1 y jl *i b jr -* 4 P cS^' £}*•* J ' 1 

<u L>«jI ^ C-sPl>«ji ji *& A aUszaj ^LLjl 


a JaA> ji ij (£j\j •** A^IjI D„ jl-ti* JSI.A>* 

w^l jJLa>- cS"jj A-il>* 

p-p.M?W-V 5 T ^ 



A 

r- i ar <u— jsLi 

ojjo La^ij 66xjrf «ob oll> jlT-SOl 

ji j^Ss—^ cjl—>- j! ^j-a£J LS *\ eJ^P jS I 
o^-JLi ^ Y o mm ojlJiJl 4_, ^lJ aS’ Uj ^ 

«*~S Oii" *-> c*i^ X B J~* ‘V* 




2 kg 


r-iai <n— jsli. 

^ji.9 (J j ^ u-u0 

^LJ <L« alji»l jj Vo kg ^j*? <> C oJJji! T -\OY 

.J cl£ j*- tC—I • /T m j! a!j! Jj!b *S ^jS J>\ 

j_jl ji B 4. Ia4» ja J Y m/S A *]a2j jS tJojii C-P J\ 
JaLL 1 ^vj u$Y£la.<»l .la.^jj i Jul ^L>ul Uf j\£ (JUlL Y" m/s 
<jl_ U j */v» m J_j—1? ji-?i .j—giS" <■—.«L>** Ij 

A Ij eJj^iJ <_£jj ^ »xi Jl*pl L^lSQa^al {j£. iL* 

.c—I ^ybl a:-}’ .jjS {j~jC B j 



r-l&r <11— JSLi 


r-16f <11— JSLi, 






(i-H l) v = •/‘U'L m/s 
(^>) v = >/lv> m/s 



T-IAY <dl—JSLi 

pj—— i}}jS La j o)b- jl |>o£I T ~\OA 

-S j>- \ m ojlj_)l <—i fl oSol jl jl ^IjS^ jA 

.-US’ \j»J iJ» j cS’l&a—»l jl .JU^ - tjzfj «a^ 



T-IAA <d^-JSLi 


* = vy kN/m i j>*-** <-j ^ij_r j-* jj ji r-\oo 

ji-M jj (_jljb o-l 6=o <SL«1£ia 

6 = Y • O,o 9j^ ji j_j^— oJl^- jl ^ jjl^s jS’l ..Uo ,a J jk 
j* ffr ux~ 6=o ji\j 0 (jlAjjlj Laj 

j-tJ j* •;* <f b L*ts/ .c—l r kg La^/ jl f ijtf 

L*>» j uSC— <^1*41— jl j £ 


/ *. 


r~ I 66 4l!uM« J SLt 

jjoA vo t 

4-Jjl <C—.1 *J_J. J_jj» ^-AJ JjJj ^ii 1 

Ja-ji j . ...a njj$ .i »ib pJli oJlj> ji Va = Y/o m/s 
U .> fc— -« <S B <.. \ s ai jl j ti^Ai ^Je I j &J— sib jlO jj-sf 
s b (JjZ v B op^— <c—-I A ^jlYomm 

'A* * N/m OjI > ^Ijb I—Aj~* jl J_A . J_, ‘ «5 T 4^_—L>— 


oJU>- jl VO kg *—; ^IjS - j* njj£ jsT—\ OA 

c^l^—o—=» b- 1 ' <iO=o O-oiy ji J XJsjS^ Uj j^SL- 
j^b* Jj»- jj ll <j 

6 <-£jjj\? 4j ‘XjLJ jljji lf» I 4j J~ai< (^IaomUj^-jP^ OjIj 
* la> «J ji I j l_A(_5j^ V Of^» ..Utli-jl_Sj 4JL4 jj ^a ^1 jj 
C —?* iy ji . J—j jj\ t*. .-Jj 6 = T'° 0,0.9jl Ia4JL<i j yS' 

Ji J *—Ji (jlf*^ jl ,JOA jjdj UjJ 6 = o 

j la . j~x? ob^j^y* jt^^j 


^L>- .o-l lYo mm jljl J> ^Ijb ^jj>r-\ov 

j£ I-Aj »jji sib jLU 0, 4 .9 yA ji jjSL^> OJU- jl 

»jlj—;l 4-( 4_S’ ^f-tiy* (<— «-JI) V Op j— c— -jjlk* 

4 _L. 4$ j£y» J) J OjJ^ J^Ij ^jli Cjjy~A 4j Y 0 * mm 






W JSL-O r-v J^u 


o-i*j cSj 1 - 1 -* j 3 tS^y^ 

.J —Vp jAjj P Ji . y j to - *hxij ji jl j oi £ j\ji 

jA £l*—i .«L '■& <j—j A gj\ <kij jA U/i vl~f .Jjt ,_^jLp 
«_1Ia <-opJ .JL-iL^ Tp j T\ j—Aji ‘ ■ _"jl <j /* j A Jalii 
.Jjb^ i^j^l JS" ^ J~iL 



r-if-i <u— jsii, 


jj lj ^j-li OjJ—; Jc£j ^Ij 

i- km ^UJjI ja u* =\r» • • km/h jlL. <ki; 

<S i> • km ciL_— J> jl ^ J^-~S' .xS' ( ^» ^.Lv, 

B A . la , 4. 1 jA t»J , .1 ijjS ijljjl JJillaA ^Lai Jjia jA 

Ijlj lj \Yt* • km/h c-e^ t| yjA> km ^Liijl ja 
f ^ C—Ja I j ^ Jjlio jA P l jSj\ i A 

■\rvi km j—i»j io-^jiA ^l«—i j YY kg ja J^-. - . S ' 
•■*Os^i ^ -> J c ~! li ^ j 3 h irt*j $s • c ~' 1 



r-i*r<ii —jsli 


15 kg 1.5 kg 



i—ij_i> 4j Uo l< Jl*-1 i—..l a» jl Y*—\^* 

iSjjb I J U. C-P J~* Jil-lp- L^jLi J*J15 Cj jj*o 4j VIj 

J— j-i .J—£ jl j-i tj-t *j 4__<iL>- jl 4jlJjj *S JuS ( j—j 
jl. '_ ■ ■ <! "YY’Vl km jj— j ^U ,—i .a jljj }jorj <Sy? 

.juUJ »aU—I g = VAYO rn/s 2 Jlk* jlai* 



r-t?- <n—jsLi 






.air-nr 


ji o £ _ - cJL>- ji ^£yis o ii y^\ r-no 

*—> (J j-3 J JJ ^u~* I—*J iaJ—i aib jl—lj O.a?y 

j ^—j jw ^t-SIx- .j jLJLi^ lj k = VA kN/m 

y—* X ^ i jJL* jl j— J AjljOl Umax ‘XP j~» (*■—j^b 


Umax = VfcVT m/s jj x = YV/Y mm 
•W = > * o/^ mm 



r -1 *6 <JJO, JSX 


/k •' <0 (_£la—WJ ^_yT *4 cSl"l_y—I r~n*\ 

j-> A_»yls> .£—-I aJL-S J^ala ij\*j yb O-JiSL. <U /4 Aki ji 
AJlyol j iijb *S o j jy>- l>- a> j»j15 aJLa 

4 - s ” .J-oS^ OS'y j-jL Jjt oU o< 13 Oyi L 

.JJ^S *&*£■ J <*-A3y» jljSlj i3 jS OjL isl B AjL Aj 43jb 

orf^ Zjj+Ji j* o~{ L> j** ^ Jp 9 .ns" (*-"j^b 



V* • • km j j-^j* Lj jjilA—Lstfli a_S /i a L a i jj j^Uai 

J-;ylk. .joil^ Yi• * • km/h 0 Pj—. (^IjIj 

1—3 jjilAJUtfli A—S B Alaaj Aj j-L —j ^l£jk ji L-jtki O j— 

jl *— j* (>;t (>- .c—l "Vo • • km jS j* 

.0-1 jj-j y>- Ol^JI OijJ^ 

u B = Yir* • km/h ^\yr 


A 



r-^r <ii—js-i 


OJLs- j3 _) j_ y-;j A—fj*>n aSL* I&ja f— N *\£. 

•J j$ ij» J tj5 j~^ Alai 0-0 ya j J jjO— (31—' ‘Xilj Jil*3 
£ = \r\ kN/m yJ» J Y kg Jy. _^ ^j>. 

ol ^’ «*....,. — A—j (jl ^yll>xj _j JyL——J Aj 

oJl—>- jl 1 * mm oy —.o.«l «j— y>- jyo— 

U 0>p y-— liijfi l_» j A_J jl OPj-— JjXj j »J-i jlL JjI*3 
.JL^ Ja^iJ~t> uSlSJa—>1 jl fo-l /Iaj.S’j Ij jl ijj>-Jl 


m = 2kg 



JSLi 


r -1 f'f <ii— JS4. 




m J5i— r-Y 


_*_La!j jl ^_So ji 0 OjIj <1 2Aj V* — \ 

j tijj V N/m jl>*^ (jljta jS .c~-l jty JSLi l _ r a t j 

.C_-1 UjJb A A^aJLi ji fl-VjjxJ 4,5*^ y* 

Lf^ *-^j*^ l -- c ' J~* ^ J-ik <SjJ° U* '—•*’ j~" 

.JL.^ 5 *_laij ji tj_II C-frj-i t-U^ Jjj yLjj «jC jj 

Ojj_ o jj) C_-I «J_J £ilj Jil o*xj> jj ^LLso (jUlfclj 

,(j<^ <*>-1 j* X— Ja»ijj aj ^.^.i j^i^ jLj 

u B = Y/o I m/s v_jl_^- 



1* 800 mm 

r— im <n— js-i. 


Ji A. iJs J L. ^ ^jl* r-W. 

L ii/o kg jjj j t/\ m a *j C-sM j^j (jhjij ,_)■«■>■ Jb* 


j jl c-pj—. £jL* jl jj— fp o/o m ^liijl ji 

Ij ^jY U jlJ_i< J-ilJ»- , £s ~ a jue '%+£> «jJ Otf-y-< 
ji . J.jS s_jL_>- £jl* jl Jjl_^j eXJJ> 4$jjl 

*- LJ ^ j^x 4 J ,y»' *je l u r'^ 


.Jjjb jl^ jj?*j jl VI Ill ^liJjl ji ji 



ja 4 _j <_S" tfUyljJI pJli -JL. jJ r-\*W 
^^1 . JL-Oj Uj 0=0 C.«<jj* ji j^Ss—- cJb- jl J’.T.ma 
d-j!—j tJ ■* l J ( _y* l—iijj <1 0 = 1 0° ji J <5* ijji oJaLL* 

.c—.1 ojJ-> 0 = o ji j—^ .j_^ I jk jj 

jJa^i J^> Li'L5Cku»l jl j «i ^-S - • ji jlj-J^- Aj I j \*is£ 

.X* 

A:=^00/^N/m ^>\yr 



r- \ w jsLi, 


c _ ^J>J Ji j_ _ cJI ?- jl f jjL_S^ r- >*\A 

jjjL_i jk = ' N/m i^ljb ^ jl ji ^ d = \ A• 0 

ji l ijje J~Aj C-«~J Ij C-j-jJ j eJ_^ 

l*-wj^l—* Ij 0 Ajjlj .ij^“——“I (j^UJ 

jl J C—.1 (vJli <->Ju0 ji C—S'^s- .J_^ ^s*«j Ij 
.aj£ jlaiioljj^y* 



Y-W'K <Ii— JS-i 


r-IY* JSJj 
















(C<T J> djlwiJl) (^JwO^dO 3 _ C 

AjO JlOjo T — A 

*—^l*- 4 jl —ill lj c/ilil** ^jjl a£ }y AZ .t S £yZ» (£jy\ J C/i/ibia y y>%J Ji ji la <L >-y 

V— y. L) XP j~* Ol jz*j *£ |*X»bj.i ***"> J* .Xlajlal C—O Aj Oji ^UiuU- 4 j C.,;>~.i F = fflfl ( yu ^>- 

^Jiljia Jl^il (Jj^ <j la *^ry ‘l$Xu ( _p»y J* J* •*,£ t>ljj ^yy (£jy\ j* ^ X<l yy v~~ > ' b J aXi ^L>jl jb" 
j—i' .JJL- Jcf 4 pXa y J <JjJ> OViUa Aj Ij l* ^tSjjO .^UoU- <J C.;..... '' Aj j iy JUkljlaj <L> ■*••■■■•. OS’ j>- 

jLaj OJj ji Lj j Jjl—“• y-h) al_J j£ eiUJI jlaj CjSa y JjA a£ Ij JJL~a jl ^jL~o J>- oViljia 

.£& y jL*l jL~j O y^y <Jl*pl ^^aaabJLa 


^103-0 3 c5 ia> 4j^i» T-^ 



ji I j m <, ^laji Ja>Jl j^ca j J& cSy X-\ JSLi j^lka 
^ " * — : ■* jl j • J-i r jbj< L *y C—^kSja aS \j£> Joj y ajLji Lki 

l> *0 ijr' j:"- * *i j a *y. v = r l> «ji x-p yii^y ».!.■> ■•■ .^ 0 .-.. Li 
m J—i C$1—*JjJ 4—JS^ Xal^ .XiUj^a ^la^a (aXi aib jli) -k>- 
*-—£j»- ^—-L.I <tal*^ NU- .Xll)^ V c*.fsr 2F ( _ f X 

•( *•"■'" ^ij Ojj-^9 4j X—r <)^Ia 4 tlj eji 


£F = m\ = — (mv) l [zF*6 1 
dt " ' —’ 


. ij -^-i—ijX G = mv aji ^ y jl4_, C-P^— J . ^.^1.^ 1 ^ 

ji j-jly jLaJ Ay C ~w k 6 J* J J jlj •Qlyt 

•^■'j p;- ' Jal** N.s L aS - JLiU^y. kg.m/s Ojp -o mv y> jlp-1 j SI ^....... 

•c—I [lb/(ft/sec 2 )][ft/sec] = lb-sec ^1 y m\ Ja>- ^y 

J ejlXl (Jy\y y aj^c- *£ ^jI *j c~-I <_5jb y <lajlij iX> f-Y^ <bl«i4 45LiL>jI jl 

JjLkj tCX—I OPj_^ _«-;*-> jlj^* X-f>- jL*> £>\j j* *S ^Jo>- y*»y J* yju jlj^a C->4>- U L*J y XjI y C-f>- tG 
jLaj I—; eji m^yr *£ c~-l ^yUj IJ j c—-I I»jIjj jj^o*»Al U j jl Y'-Y^ .ijb 

*-dy - jj—iS'l -X- J^l_p^ l J-^3 jl i-V y>y ji tXSy j+JO jlaj L m ^J>- jl y *S Ij ^yJU- .X^i yyZ 

-(*-—1 yy y.j X< jyo *j I j Y’-Y ^ 4JiUa ^ISL-I 



T *r 3 


,ij> jlSC jl Jil~< jly ,y Ij oViLfc* ^jI 


( ^.ir)i> flJjyo y o 3 4jyj> 

VU» .X-JiL^ j-lje (*j^ OyLS jl J£—i j^l'C-Jiy ji' ji p£*y» ^—*- y ^ L> (*U; 

^yL*j oi jJo^a l£j ji » ji J 0 **" c£jj y IJ 2F Xj ly yl t jt»j <j V— Y \ jl ^gjS Jl^&jl L j*Jt y y* 

.•b^y C—<Jj jjj <JojIj ^2 lj ti jt»j jl (SjS I* *£ XF dt — dG :j*jjta <tJjl>c« ji dt > > jJ» L .^gS £ts ~-J yji* 


f 2 XF,*=G 2 -G l =AG 

:W»l":......... 


(r-YT) 


j jj 2 -> < — 1 j'.al .,i^l .J-iL^y G 2 = /nv 2 h jl»j ji jGi = mv\ t] jl*j J* J 3 ^ (*-“*>* ji 

m c# —it* 1 1 *—*'*y y. ' —. '*■' k m yf *jb ,J^cf^~ -US’ ( y jU Y—YT *J,sU* j C—»l j_y cf la^- <Oy» 4j f y-y jl*j 


:0-iy yj O JJ ~0 <; jly y» ^J Y'-YY' *J.iLfc» J£ji 


Gj +J^2Frfr~G 2 


(r-Yra) 


y-i'y tr^ ^ y ^'j *ij~* J (*-^r ey^ r^>* £y**~ ^ vl—II gy\ j&L aS" 

Jj .-US’ t ^ly^y jJlj jl*j CjX> Jo Ji jl C-f>- p* J •j'- 1 ’' p* J& jJ* *-i y ‘byi J'.C—l 

Ij I j ^jjl Jl^il (j-j--' j •ijS’ jL> jLLilA^jily v_>» > - y Ij G j ZF *& C~-»l ^jV Ja>\jJi 

:xJ^ O-Jb yj jJISL. 1 oViU. r-Yr ^U<i3y jl .iyj 
J 2 I>F x dt = {mv x ) 2 - (mv x ), 

l‘’ZF y dt = {mv y ) 2 -{mVy\ 

J ( 2 ZFjrfr = (mu ; ) 2 - (mv z ), 

y~ YVa^jliy oViLfc* L Jo\li* ^Jl^»«<l J»jIjj jl ^L«l^ ^JISL^I j* — <>jJ» yil 

.ijjl O-^Jj jl ji yUuU- jl jl jiy L-i <j I j 





ij#, F 


JZ*' <jL»j l <Sj J> ijlj J Olijl 

a-y* iSiJ 3 iSU^jj y. 1 — k j ,^>j' l $j£ 0 ,Jjl k k Oi 1 

'*j—> j^ 1 . k y k j iS^xp ijj$ Jl-^ik or 3 ? j* • i .J* 

jUj L • JSLi xJLa c-f>- t-Ci ji sji ijlj F^jj^> '$&» 

f tj 

*£ xil^ Ft* yk* h l; tij\ jj J jA <jjJ> Oj^ jjl ji <xS 

•0~»l ( _ # i>0 jlj jli 4 jL* £r\a.* jU-* 


iXx —« ^l.jlxl ^tjli *£ y>r *j,m ji sjlj <Jf J\ *S c—I t xJy <ijJ> ^Ljj' cS'y 

tSk-J k t5^l— cpI JjLS jlj—j ,j» sljl (*—j k ■!»** *& x-ik*kk l*-* ^rol j* .ayi »ala oJl>o 

.>£ aJIj' J*> *jy olji y ajk ^ yl «s»-1 

ffrXXojA ^liu 

*-^ X-*S< y* V^*i' ' ^-k^*- 4 *—S ‘XAL yly <1^ oL»J Jo j* »j* y *j k Xu I y <JjJ £\ 


x j^‘ ^~V>r <-& J* Xlly<y> |*X*y* -X^U^, 


> »j .> Joo- pX*y* ,yX>- ji .XLu OjU G ( _^- p 


y^> A k* <Jk^ , yjy. --^Lu j*-* z jy^ Uc+r j* *5 a^lx ^Jj t jjiL ^LLI 

OjAj U*-!j jUa ji ol Ij .xs - ^ ^jati^LA ^^9- C- 4 ^r SL ji lj ji y ijk 


.XU^yt (^lil) jj-iJ 

oL*j ox* jj ^ Jot j* \j b j a tji J* OS'JU- 


-X^j-iSL JjIo J^-c- jJI: o>J d)l*j ox* j* *S JjjJ&j JO, j* \j b j a tji oS j>- JU- 

•^y- t_f x* jl aj (Xj-i jjlj o!ji <i d)L*j ox y *£ x-iL *xO ojl y ^UjI4J »y y ^ -F j F JjLiu 
(J r^ f-^y Jit** V-IT 4_JiU* <, lj . 0-1 b Oji J, ijlj Jay- KijJf a »Ji Jl ij\j Jay- KijJf *5 iy 

•O — >*! A(G a +G*) = 0 l j AG a = -AG* <?«x y .xA xl^>- b «ji AG* Jay- pO* j* jX»j L o »ji AG a 

’■^rtyy J ^iS ‘XjIj <jl*j Jo y t^loji y G = Go + G* Jm JS Jay- pO*_y* 





Y*6 3 ^Jas- ,JJk> 


T-]A aJ^joj <*JJmjo 



*y>- djj j? Ij 0 >J ( ( _ # isl J j 'bib z) J-Z |*jl5 jj jX£ * /Y «ji 

j-; ^j>~ Jb>- _P OUj L *£ F <£jj? j 

jl*j t jl jj *£ ««xi #jb G = — (f T + v)j — — (/ r — *Jajlj -l 1 - 0 jj N.s >_....>• 

.JjjjI C..-JL; Ij F jJ ! = T S 4ia>J jJ ,C~~*I <JU i_»> j j 


o^~T i*-— 4 j -4 — j^ o*»ii .c—l o-Ui jL — Yk lb Ojj^a <o jjj jta jj 

[sF = g] F-0.2(9.81)k=^|(» J +3)j-|(r J -4)kj 0 

= 3/j-2/ 2 k 

F = 0.2(9.81) k + 3 (2) j - 2 (2 2 ) k = 6 j -6.04k N : / = Y s jj 

4j>wJ 

F = yj6 2 +6.04 2 =8.51 N v l_*- 


.iZAwlfJT ;l (jf 0/9 <S9/4 ^uvl o/> ri a >/b c $1*9/4 < 


J uA o A Ji Sj 

A (J^Lil XF (Jj/ptlffi q 


f-W Aj^dOJ aJJwwwU) 


y 



f 2 


F,N 



r 



1 






zn 


^ c- 4 ^>- ji u = ^ ♦ m/s op^- ^Ijb t = o ji */o kg ^ <u ^loji 
(JjLIx* jl_«j 1 —> l$Jl ^Iao jl-l»l j ijlj ^IajFt jF, 

O. ■«<.> » Y* S jJ I j oji V . O -ol o-X»£ eib ijl-L) jb y*J 



(j ZF x dt = mkv x J 

[jlFyrff = /nAu y j 


‘JjL*-* :J>- 

JLf4 

-[4(1)+ 2 (3-1)] = 0.5(1^- 10) 

U= -6 m/s 

[l(2) + 2(3-2)] = 0.5(t*-0) 

14 , = 8 m/s 

j} 

y = V 6 2 + 8 2 =10 nVs 


O 


v = - 6i + 8 j j 




oiji y 


0, = tan’ 1 —= 126.9° ^1^ 

-6 

^ijlA4xl^« elj^Jb t = Y <<Ji>J ji oji OPj—i .0—1 e JUi <J„jl AjIj T ji oji . a tjLj ^ _Lt- i J^TJ L> 0 

.0—1 sJUi Oili jljLj 

JwAo olSLi 

( \J)Jyjljj .(Ssuul X yftLA fjijui y) P| (JyyJ —<^A <tf'/i/ilU djjjjly 4AyJ ./Atb(jA Qjbb) _ ^yu; (j&i* yij jxhuj 0 (JybmA /& /> AljjO O 

•jujj j&>!y A ^yeLa (j1>I<Ujj1d 

y Oj/jff 4$'rfyyAj yy> )b jub (^}Aaa 4> •)/yf'ZJyyrt> (St# (ji?> ci>W/4 iZj))y(£A (JlasI 4j of),!) lZslaJaI 4lSj (yjl <0 elAyj © 

,/JJMjjA yjJuU/l ti'J;/jl y y^'juis-fl ‘/jl^ylyjJ tfLfluj'&ZLty/t 



T-T* aJImma 

jloo a— ( j— L o— <j 1 rn/s op j— L ) 0 ' kg ^ j>- aj '-^i 

JL^pI 4 _j J. - .. ^a I« JjIS - 4j P iJjjj t = ° <da>J ji JSLi Jjlk* tXS - ^ OS'^>- 
oli^J ji L; ij—i^ il—j o-^lj^i jj-W o P uliL—j L .j 

.-OS^^ Ja_o- lj OjL5 jIj_ i* —j1 «j (_^L^—5L »j ji j J—V • N <o t = £ s 
s j* v o^j— (b) ^jSU* o$>- ji ^ t\ <1)1*j (a)-oS” <u—Uv4 
.X)jS^> j£aii ji «ji c^j O' jj—» 4j I j ^"ij . t = A 




; j oj_«i J£— jUj i P Ol!_pxj 


r 

ir, 

30° ATj 


j-i-j jl o< a_ 5 Of»- (a) c.»..J 

JUp! L —Lai /=£ + At s <da>J ji Cjt^T i_r^ 

^jli JtOO Of>- ji jOy - AjjJ, 

[jl,F x dt = mAv x ] 

1/2 (4) (2) (600) + 2 (600) At - 150 (9.81) sin30° (4 + At) = 150 (0 -[-4]) 

464 At = 1143 At = 2.46 s t = 4 + 246 = 6.46 s v l_*- 

jjOj- jlaj JS - ji j%o»JU^-I L (b) 

[jlF x dt = mAv x ] 

1/2 (4) (2) (600) + 4 (2) (600) - 150 (9.81) sin30° (8) = 150 (U- [-4]) 

150 v= 714 v = 4.76 m/s 



Y ♦ V 3 ^.r° Y-*\ ,jl^u 


JuAo 4 jL£j 

_;L/ (j,'y <t_i/$ws (j)ff'' jjj$-aI/9 U,VP (jLi <j P (Jp/ii ,’/ (jil U <Ufj0 iSfjfjtfj ,) fjfbk njyf^to flail jl l y U <j«ui4 )ljl <lauv/J 

l y YPfJf/jj )! (jijti C /jJ/J 9) £ S (J} y ) P-t yl)9*j /) (J& (j&a lZaami? <sa&Luuh U lZawI /j)/j, <0 )Uu> <tLaa (jjJjI ■)/!)(_/> 


<> 


Y'-Y \ 4i$aj dJLLwwuo 

ii kg j*j* *t "l* * m/s C*pj—< L» o * *-> ijldjlf 

/^“m™ jL-iJ c^>- ji 1Y nVs j' Jr* Jj* o' Ojj* j 

4JLali*>L Ij 0^ Jjj* jl£ j c5JL VC-Pj— tiw oJLi oj'j 

11 600 m/s . Jj jjl O-x iJb jl -L*j 

/ J 1/* J lSJL » : . .y - jjji J 1 : 

/ 0 = 52.4° 

, JV” 1 * i$l—i* cS'j'* a jb j* 1 - ?' 1 ^ <>iO js> ^ji ,>0 

J Jd OAlja^ Lj la^- (W*>° 

[Gi = G 2 ] 0.050 (600 j) + 4 (12)(cos30° i + sin30° j) = (4 + 0.050)v 

v= 10.26 i+ 13.33 j m/s ^>\yr 

c— Jj o' c-^r j 

[v-tf + u 2 ] u = V(10.26) 2 +(13.33) 2 =16.83 m/s 
13.33 


„ t>vl . 13.33 

tan 0 = — tan0 =- 

v x J 10.26 


tan 0 =^^ = 1.299 0 = 52.4° 

10.26 


JLUU) ASSj 

.iZmvI (jT (jltjUpt (JiiSi b ylf' (J)bu lit?) (Jih fjuut,ya c.Lii (Jjffl (Sybn (J^> k 




V ♦ A 


j -51 ji ' • Mg ^ ^Lwlj* ^ r-U* 

j j-1 U 4_j ^ • * * lcm/h c~»U clp j - * L jji X* j^» 

J o*>- Ji R Jyb pli. j sSy oS>- ^ 

Ij C . ^ \j js jl—Jj > - 4 j T L j»\j> 

j<- 4j> T. tJjji-1 <_s'j^ j' P j* --^(y jAjj 

1—4.01 jA op \ s oju (^1 ^ A kN 
Ja —^>jLa tA-jrL \ * o • km/h j—t\jj ^ s 
jL_$o c>*j—» f^" Ij A/? Jc—«jl£* ^yL.1^1 

LwijP ^j>- j* C-Jlj <3j 



V 2T 0 

r-»A- <u~* js^ 


Cp^L,A* Mg -uA 

J j J-dJ a^-ty 2 J->-* y tr-** 1 Ji J c£->J ji r * cm/ h 

j— L> X • Mg ^j_>- <-> B ,j j>j L> j^lj .o—I OS'j?- 
y iSji ~ » op(i_aJI) .^jjj A j^Slj <u o km/h 

(^_j) i-Ljjjl C- »Jj j&JSj *j LfrH JUall jl ^ Ij ^Ij ji 

.•L^ - 4—L>v* Ij ijyi-j, jl t ^Sl< |AE| (Jjjil <—i^AJl 

(^i)y = r/Axkm/h j( v )|AF| =oyv J v i^- 


5 km/li 3 km/h 



r-U1 <Lo. JSLi, 


,j£\j j* <j V <Jjl opj~* Ij m *j L j£\j r-UY 

OPj— .3j-J>y J —ai * l$_Jl <_J j ijj— >-y. jl—£j 

Ij n (jjj-il o%‘l j~S j o^lj «- 

J—il< d = ° jS\j ji *—J jl — a\i (i—*31) : ji_5"l iJ^S 

4 —) . jai l (jj-l—i l-Ljjl jJ CjU J^lj Ji (j— 

4_< J_il< d & O l j£\j J3 * _Ljslj (>_j) j (-liloJ—->■ 

jl i^AJl 4_Loli j sJj_J J_^ai4 j^-j^SL 4_. l^?lj fSOjjt 

• jlaiij^> ( _ # -ilLp O-J jl^« jl .XJI.L 4—1.3 jSo 


JjLyyuO 
^jj'LoJuu) JjLwjo 

opj—J ^Ijb \o* • kg 4_J jil r-wv 
jj -^jjy ^ * i w—j L (_5jlo^ ^U. - ji f * km/h 

v— « — j. I—j J— t£j* —~s{ A S O-Lj 4j oJUjIj ^jjl 

j^jj-—i j J—ji* —l*j>jj "Y* km/h 4 j J—jj I op j~* i j_i 

ij—i^ ijlj c£L—'V j* A S ^ ji <5" »iL>- ^jj.1*-* F JS - 

jl J 4—J^jS Jaj ji oji i^j Ojj-4> 4j Ij J—jj 1 ?o~jI j-Ia>- 


.XcS j^aLij^a I jA O*jli* 



r-ivv<ii—jsLi 


Ojj_^ 4^ >/Y kg f ^r 4_J cil.ji OPj— r-WA 
jj ji* v—^ jj V 4^ .oi .ili V = Y/or r i +(Y/t-n r ) j+ok 

•jlJ—>1 j »ji G j*iUjA .XiL^ 4JU l—.-»- jj / j 4*UJ 

/ = Y S 4_la>J ji Ij «ji J_J ijlj R j^_J j G Ol 

• Jjjjl O-jAj 


I—»1* • m/s OP^J, L V6 g 4J jl? r-WA 
jj_» jl ji j sij-? ijj->-j^ o • kg 4_j u?j_L 

.JOS' 4-—.bv Ij ijj_>-^j jl J-j»Lj>- j_Jl i_i“>L_;l .ijjy 

O-—j 4 M Ooji j |AF| jik* jljli* 1_?- Jl Ij i y>- ^j|jj- 

.-UiS jL iO-^ F ^Jjl (_$jjjI 4 j 

|AF| = \UA. J j« = y.AA/A 4-jljir 


r-m <jul»*a jsii 





J 5 L -0 r-'Kj&i 


^^SLo__S(kk i_—' -S’ *t / = •/£ s 

= */r 

u=VAYrm/s ^i_p- 

P> N t) 0 = 0.6 m/s 


I ji* = 6.3 


0.2 0.4 

t, s 

r- 1AA 4li— JSLi, 


Y i4ajI ~.j y Oj*jIjL> V’— YA*\ 

/ ^ jN jl—*j OJ—* .c—-I jl ^UeXjlj j*5l5 <_$ jjj X<»jj 

JjjjL-j ojs <> \ • • km/h op j—< <u jx—>j (_gl^ lj 
oj^_S o_S j>- j jSL- oJU- jl <SLjji *vr^ 

.X jjl o—>X i xiL 



jsLi 


4 -. Ixxl Jj aS l • Mg jU-l JA ^ jULU r-\ AV 
lj i j->- ij,\—*jyy ( o~.l "Yo • km/h opj— L Lf m\ ojj^> 

t5j—““ *J Ij jjilApto J^-i (jjlk* ® 4j jlj L J tJ^S ^jlj*l>- 

V • km/h x xJli U* jl ^ .xS^ J-L 

c-*jLi* (jjjj) D (Drag) L_j ^Uj la—j^. .x - J{ y 


. -US’ i_jL— a- Ij ( j~~~* ilx»l ji y Jjli* ji Ij* 

D = rA/A kN v i_^- 



r-)AV<Uo, JSLi 


*■' | ~H cl \*-~ 

WiMMi m. 

r-ur <n —jsla 

^l£-Xk X Y • • kg ^y X y~Jt »l» JjX« i_£j T— \Kf 

L-! J ‘>- L - i jr-OJ iJLaj^V »L ^k- ^ ijji 

eji_j I T ~ »lj ^Sl .x l^« ijy "\ m/s op j— 

J -1 S jl— *j l— > J^Ji (jjlk* ^ ® OX X jy y la ^ty 

j j ' . > / = 0 S 4 la> J jJ 4_Sxl l y>j—i L iiyii yy\j>- 
4-—-di>J ji Ij JjX sjji Op^ 1-LiL oXLJ ij 

.x5*Lr^j ) AY m/s J^ <jSI>* *_jIzJ5 .x*S’ 

v=y/\> m/s i_j|_^>- 



r-ur <ii~. jsLi 

i k—j; r Mg ^i-u jjy~, Lr -k>jl osij r-)At 
t£jj y jUuI ) • • kN-s *jy> j* jyy 

(*—A jl 4JU \/l (_yL»j <Lol5 *j jyy jA .XSy C-S^ y Jj j 
Y" -C*jj_j_vj .Sjyy 4jJtj \/0 OX j «Xi I^yjj 

i a—*yj> t j— ~*y .) ® * m/h «_; c^~Sy 4_» jl jj —j 4*Jlj 

JjL_L. y R ^jSLiLSL. J ( _ s SL.LxajyJ o-jLi. J.S' 
fj—L 4—jli* ji Cj-jji OJI jl .XI? ,j^J»j Ij OS 'y 

• X5S j ial > <*±jjyu 


r-) Af <LO. JSLi 


jjj^Am/s o r L ^/JLS<\ ^JLr-)A0 
/ = ° ji 4_S XjSy O—S^j- C—<lj 0 *» ^ » 4j ^iil jk eSj 
ji Ij tJ’j—L V OPj—- .ij—ijlj jl j—> P ijjj^ 







A t >- jL*j ojl_* £I A <j 5 

la *iyj* e-jll—Jti y*j j ji { j t ^j X) <S CPy-- tJLilj 

jL A t jp t v «_—p- y Jjy ^ <jy ji lj > j* 

yjjj/J = */0 (^Ijt <* lj iy Ja*ljj 


r- M • < 11 — JSLi, 

jl J jjr*'-*’ yj p-y 

^1 -LiS'y J-Jy J-j-Ij ji v* eSl* 'j cS.rtLrt j*> 

Op^— L, 4_£ jj—US’ ja j-? t-Uy t5*^i OijS" j*> OJL* 

o ,o—^ os’y- jj \ * iSjij^j*' ji ^"* km/h 

lj t _ 5 —Ly j j j^LS j-rf *-^ - a ~* F cSjjs-» j'J—** 

V/o Mg ji u —Ly J \ • Mg jj—LS .JUjjl o—b 

P = r/r. kN c,^) v iy 



OjJJ JjLwuO 

( r ^) ^js ^Ijb ^i_Sci; r-UA 
(c — >1 ) • • • kg JaU* uSjy y i-So) <-Sjy* y ^ 0* • r ) 

CjU ,JpIS ^^-iS ijjj? £\ -iyy i yZSiSd i -k-y 

jl Ji-£cji> OPy &\ &\y pM jl*j <-Lib Y . . kN y\y J 

■" ^j_— ^~ ~^~ ja .JU^ <—*l>»^ ,jo y ^ knot <j jjS— Jb- 

«iy jyU >-» , l ji c-Sy ji ybLS <oJj o-»jliU ,y-jL 

.0 knot = VAoY km/h) .ay yiiy j! j! jlyy j 


r-IAA <11— JSLi 

jl JSLJS, JjLk* A* • kg f yr ^l.jlyU r-U<\ 

^jJLX* -ij—iy v'-Oi y'—“*» •-& J* 9- 9 

J <lilj ojlL j i S O <j j oJLi (Jlo 

..X-Ai^ Jjl—i 4-j c«_J z c- 4 >- •/Y' m/s c-p^ jl 

j_il ja lj Jll—i t>y <_iJy .C -I *\ • Mg JjLi 

jr^?^ c—Oj z jj>v* yb. C-y ja »jlyU .-alJjj 

.Jjjji O—X Fav y^*j Ja~.y 

t)/= •/••Y'U m/S j Fav = 0 V 0 N V ly 


r-tt) <11— JSLi 

4^ F .jxaLT m 4_, ^l<_,ljl -O r-w 

L-i jsr* ^ J j^y J jb ^jj-» 

iJLMj jjSj>j cJL>- ja <jljl t — 0 <la>J ja ^?l .C—I j_5jl>yl 
O—-<jj jUj jl yjlj Ojj-rf» <J lj <jtjl j U OPy 

?o~»l j 1 i_S" jjj yali* ^1 j! <o U jljjLa .Jbjji 



r-Ut <11— JSLi 

I—> , 0-1 OSy ja V OPy L *5 A J—jJir-W 
J J 1 ^ U k ;*yt --^y ijy-ji F jjS'l— J—yl 

A J—*jjl /»y .XlS'y oS^y l> Op y L <j Jl—ajl 


yy O—J/? y\y B Jyyl fyjm jjlji 





r\\ jit— 


<*jj->s. jy- ji jj» y \JA j 

^j — Ji 15 Lr^cri J '-*?.j*~ {^ k 

L-j I .-l—»jj I c »wM <Jb j» jl lj j l£sj 

tiW-’jj j- 5 ' zj-^rj k b J-® 1 JjVi/* 

<~>ry i jy~ji o^" j* £*■-* _> 

u = r/irm/s v i_^ 



r-M 6 < 11 — JS-i 


J-Lj kg ,A gjyy ^\jX-\K\ 

e J—i Lr P-\)o B jS’j— 1 • • jk—. (JjU- Jk. jijji 

jJ A j_j tlj 8 4 JyZ )a~»y <S” ij R U. - jr^ ,C.■ *1 

• /o m/s *_, r m/s jl Jk. ^IS" ^Ijo kli oa. 

<_J lj - J —ijji c—-O j iC-J ^ jV jAj ^sjb <J 

i I j JjI£ jj t _ r i—LS" j_5_j jj *S jl jj.b jlj^p 

•■»** J^' 



r- ii* jsLi 



cJl_>- ji £ = o 4-kd Ji ^ (jl-L-jljl 4 _j V-\ W 

ijlj xS^ jUj L *£ j± Jki jAla* iC —.1 jjSk 
ji lj A—;ljl C—c-j-—< n-S’L£k>l jl jij-J Jl la*■ 0 j*o L .5 

..bj^I vJL—«J0 t = TSjt=\S <_glA4k«J 


Ui^/tWm/s jO r = Wm/s ^>\j>- 



L. Ij • kg fjJr ^ JL-yl <* JLi> r-\M 

ji ^j-^j—^ j 4—lij? i—-’lb—t C—aMji£j Jjis Aj JJLS^^yo i J>- 

LS ~xJJ- c-jLi. .JL-J^ v* km/h or- km/h jl \o s^ 

j - >)jJ Qg-j .V jj )l Ji ( J.„. ...,«jjl jl« 

10 J-i Oita jl—L) "\«° A_Jjlj 4_Sijl ^y3 J_» L) .Jjib^yo 0» • N 

^jiL; CjLj ia—JJ—1 9 <J ilSy- ^Jo ji *S J—L (jl<ijlj 

C---b Ij J—-o_jo'l ‘•—S' Jol^ k-jl. L jkS' ‘JSta^ 



r-nf <J1^ JSJi 


cJl>- jl to * kg ^j^r 4 j i—>> jS^ i^ii V—\ ^0 

4_j l/t m c*»l——* ^jlo jl jj-j j oJ_i Laj jj£— 







X)X 



jl^-i 4_l. lt /p£ji _ jijja j t£j r-r. * 

4 -^ j ' iS^j. jLj YV* kN c-jU ,_5jjJ Ij Ij ^?Ij 

b i/ 1 ' Mg jS\j *j jj utj- jjjAjZJ 

jX-h- ,j:L -jj 1a km/h rr km/h ji _*ji \ c__i 

ji o* N j-,\jj c~£y JjLI* ji jLks fjl—L. (jjjj ?c—l 

OPj— L* \ • • • kg fj ->r <u r-Y^ 

>—>l$_Ji L; iC-^l c—S’ j>- ji LAi JjLpI ji Wj = Y • ♦ • m/s 
J£—* ji O' v„, op j— jbjj »jljjl *5" \ • kg p*- *j J^ 
i-jLj— i j «ij-£ ij j-P“ jJ ‘(®* * * m/s) O ■»! »-Li »ili jLli 

j-^j* '■^j—" ‘ Y.ijj^—* Jji L-iLii jjji «j i-£o 

C-Pj_>- j V /3 4-ijlj •■*—;ijjl C—0; Ij L-iUw G p>- 

.■X*£ Ij Ia^L.^3 V s 4wJ jl 

v = VMM +^oij-U/V\ k m/s sJy? 

p= \/nv° 



l5_)j Y* km/h op^ UUMg jj^lS'Y'-W 
t^lj-j YO • Mg ^ i£jj —“I y- ji <1^—1 (_5 j5wi 

C—S'ja- <;bljl i_il (_5 jj y. J>r^ .Sj£y yj t jot i_iiji* 
jjjL Cf-j- ji i_jI ji j~£j>- Jjli* ji <—>1 O^jLL. j oijS' 
a_< jj^LS - *5ol jl ,_r-i L> tf*r^ O*j— .C—.1 

.Oijjl O-Jj ( J— jy 

v = •/v\r km/h ^\y- 

2 0 km/h 

r-1 JSLi, 

S-i 4-ijP ^JJ j-i A Mg p_^ 4J ^r-^A 

LT-’TJ^ J ij'i j'J—* <jJ^* 1 CJU- *J Y i • Mg ^j>- Aj y£ 

tjr^ <5 jj ji • C ~ J1 v' <JJJ Ji r* 

U«i = 1 km/h iJ -*r £ <> jlc-p jr -jsij^o^ji--b 

JA_L> ji ly] C-. jli» .0* 'S ^--Lv* I j yr £ V op j~> iJJtL 

.O-il jjifli J-ili (jLf*J~» Ji CSy- 

8 Mg 

240 Mg - x flj ,:';! flM 


r-MA 4JLO. JSLA 

L; U •. kg {J^r 

fj-*r *—i A J^jil h j>- jf- >->ji» <; iA km/h 

c-S'j^- ji ju—i i_jj» -u rr km/h Oj- L *5 n* • kg 

^JJ-^ji j' o~i j^ 1 zjj-^-ji ‘Vi—-l 

•jlj—il t-u^ o^jp- L <»j*m jljip <u LfLv*jjl 

s jj—>-jj ji ^j~-j < Ju^U% lj —;i <s jiJL* cp^ tU op^-< 

l-A—ilj—l«l L Ij l!«P j** jliJ 0^J^ 

.JLlS’ 


v " * ^ j*~ j* ^ ^jiLwIsa 3 Y^—Y % Y 

Ji ^L-fcjj;^ jiliil jbl; JI Ji a£ oj_i ^Jjj ollji t 5 jJ» 
jl —j .JjL ( jLAji\ At) e jljjl *j ^jIipj~j t jLj OJL* 


o= YA/o km/h j 0 = oi/V 



nr jit— 


6 m/a 





* / 

* l 

\ / 

" / 


u 


o 


r-r*f 


sJjLzt ^^.^r-r.o 


JLj- jJ ^Ja— .-£_> tfjj ^ * J^-4 C-f>- ji 

iJ—£y jl*j L J£- JjUm F x iSjj? ‘C—.1 cSy 

a-#r^ >-! *-* b u^>j' j' -^y^y >Jj 

J—iJ J j 'j (•~ J T J -iyji ^.jZ ‘*-Li y* aw* 

. / = • A s jj ( v ) t = -n sjj (4_iJi) c—^ 



J— ^ •*-» y 1 j J ^ jr-jj js y ^ # 'j Y 0 

•■ 5 >- i u-* :,L ^* J . 1 Jj-jw eSJ-rr’ j' Jaii jyy j*J 
4 —*? ^^y t a-Li y\ _^s> d)l*j OIi jj LOS'I j jy y 

-^t-. i-S - t' { JLJ>\ jl_*j .a^-, ^Li—j JjU At) jl n -U>jj 
ji_i>- t-Ll—oj I j «i_i iU«jl Ojl—>- jl _,->• lj jlS" jl£ ^ 
?c—I 


j—j Jjl_j /* tSJjt 1 i4 -^ jLLi 4^ jjUil - a. Y 1 —Y • Y* 

jl*j ^ J**- jj* << ‘C— I ^L- llol & y £££ ^ • ii^L 
0-* ^ ol—- _j ^SwU-miI i5'l£k*<»l _^l -^y j~Z> 

opj—> 4.U—iL •/£ _> *A ^1^; '-rijy *< <^**1 ^ au- -> 

■ Xjjl C—-L / = £ S ji lj 

v=VU m/s jo- 



r-r-r js^t, 

^ aJL-i f UfJ j_Ji ^Ljb^^ .jljjl r-Y • £ 
ijlijLJ <—Lj Y* • g —»- <j (_5jii ajl^wl j jyi-y 

t jL.j _j F (jjjt-i *5 A*>y jLij J^-i jjlk. 

y-~^J-i '~* e ' J~~* -L -I jl a-j 4^1) IJ (_$!, iJ jyi- J 

*:ly ~*'I LOP^-I 4S" 0-^ yjyo Ji lj V 4 JI 

.JLili "\ ITl/S Out -0 4j (^jii 









j j •> l - i '-5^— 1 b 1 jr 1 J 1 ^ V^r 

A_lap-!>u 3 jj* (y) J* ‘-^jl Obi—jj 0 <jj \j jS\s^~ 

V *Jji£ *£ jjS t_jl~>- ^Jai\jJi ji lj 6 *jjlj SjSij* jly 
<u*>- o— <j Lf ii\ <j O = V • m/s op^— L 

J_—> j j jj—«b>v*A e$LLi ^ jL£ Y • ^j— 

•-brfb* b J* J j tSjy' 



r-r-A<ii—jsji 

Jo- Jlpi J.U^/ cO*. ton JJ Jor-Y-A 
.joJJ^ *L, "V knots CuL* op^- L b <\> • ton ^ ^ 

opj_ j L; lj j-i L ^-i j$ <la>J <_£> ji 

<di>J oi ! J 5 b lT* '-* Ju . V >JUb{S OP J~* ' ,0 ^ 

jjjbU) c_-I JjU 005 ^j» .oJ o-U»* «U j$ 

.(> knot = \/A0Y m/s *S zyi^ 
V = O/Y'A >JZ ^Jyr 


r-r • i < 11 — jsLi 


oJL>- jl m A fj-*r <-. A 
, JUL-> ol£_*l, .yL C 


(J A L r fi Lj o»_— <j j «oi Uj B *iaZ jl j_j£— 

jl jjja sjyt-ji C ^j b b JJ- 1 * 

t: «o jiJ jjji j iJjLs <jl y. ,> bb* - 3 o>y Jj* 

J J_jJb j—ri .-I. — JjIj >—is_jJ <la>J 

.0-1 Hk y*' 


^,y ^jJ> ^/ t6/\ UlJI ^y <, r-Y.“t 
jj »Joi »ib jL— oi jl <j a£ j ei j cSj^* 

«3jl_) ia_—jl-li« •/• '\ S OO jj lj J^-i 

( j_j| jl ,_y—lj o i_jU— j\jJL* ._UjLo lj jl5*y^- la— jj /? ^y y. 

lj d OiL— Oj- n_jh— ji_jj OjIj { _y > ji b J 0—1 J y-> 

J* (j^T “V j-b-J LS'y Or"- vb 1 



jsii 


jl _*j ji u, = Y • m/s Ofrj __ U ^loljl r-t*v 

4 ^ C'.-l jlj—_— ^tla—— jrtdb 1 —*JL>- jj t = o 

0 j' a—s a jb j —j *j^ik. P ji^n 

4jIjI Op j— .JjL*^ OjIj j J—j(_y 0 * N *j jjj (Ajjli 
j 4j 4 jIjI Op j— j-L—j t jL* j j ijs*^ t = A S jJ lj 
-bjj' b b 

U T = \/lYr m/s Jsjlj ^i> << j t = A/YO S^l^ 

P, N 



r-r*v < 11 —jiA 


»jl_— ^J—S »jlJLil <L —J l£j ii^\*j\jy i£jj\ T— Y*A 

j}£ *£ Oj _J—3 ^jj-b .0—1 <1 ^1? U Op j— Ofp 



M J5L- 


L—j 4 JL : i Y'-Y \ T 

ol^->- L Cwl <iSj>- Jl>- km/h 
<_s-^ ' ^ yj-- c * p j"' j' ’j a J^-i JjU** 

.J—jj_j| Otistf L Yo° <jj\j Y^ • km/h y)j* 

*-i Ol£j->- <~>J -la jl «ijlj R (Jj js>y J* (jU<iJ y 

y.b j J £—>•*{ J j.>»-ji 
0—r*" J i C*—*—JO -*^AA ^y>y JL_~j (_jjj jjj j-jIj Ajj* jA 
■Sjj^-ji j' >A>y ytt (y) Ujj*- y. 



r-r 1 r < 11 — jsLi 


ji ^ ju- ja ^ ij jL^* r-r>r 

j! cM yj- 3 ^j—“ -^jcf* ^ ^'j l{ «^— 1 1 0-0 

jl J—*j jl £*&y* j V\ =\ 0 m/s c-Slj <0 *jy-y 
-X —ji «J-i «aIa jlli jA Or = YY m/s 
«jlj_il iJ—lL ^Lfcj ji C-JIj l» •/• 0 S ol< <1 "V* g ujj 

C — »«Jj Ij (_J J-J J.J l^—S’l j vJ j_J» jl »Ajlj R ia—< yJ> (_$J jJ 

-> a -X—sS l-J-j jj Ij Jil J R t5jjJ Oti P Mj'j -kjjl 
• J t AA Ijj^-Ji o? 9 " -> A V->" *jj-> Jlfi 
R = tr/* N J P = AAA 0 




r-r 1 • <ii— jsli. 


±\jjj\ jy ^s,*Sy J Z J Ls\' r -s r < J ' r-r\ \ 
j_» j*jL» jj-J» *—> P ij —Sil <^j yj ‘■•XSy ^Jo V m/s c~e- j~* 
iSjj?-j U-- P <sjji> j^l -iJU pI ^'jf aJj! (^l^-ij 

• C~il> t)l aIJZ*I j J-Mj j>- jA y^T y ijlj 

Ij |V — > ■ £~&y »jl^jl iXS yJu mJJi Oili ijLij J 

C - vjj P I^jy-I (_^ll_->lJ I - 1 Ij (jl 0 ^ijlj jjj J / = T S jA 

■W 

0 = m\m/s J 0= fl*/Y° v lj>. 

P,N 



r-r t 1 JSLi, 





.i/ jljj'^y 



t, a A 


JSLi 


jljj^ 1 • • kg ^Aj S—Jj^L^Ii ^ f-YW 
£_«_i o ji V8 in J-Ujjl jl jj5(— oJb- jl a£ oXA jl» 

jj tJjlJ-L. !A_i £*-A a£ ^b- ji t x! ijji T • • kg psr aj 
j-rr*j J i f— 1 ^ J** j* • 0 ~*’ 1 Jj* ja*j 
.J—.1 xl yj- jiA— j*j OjJI jJI jj JiL*J cij-A 

jjj o .* » ...gj a— jj 3jyt-jt jl ,j~j Ij ^*-A U Op-j—> 

.Xjjl o-x 

jj £. — i ij_ii Jj J jJ ,^-j*j a__J jl O*jliu (Jl) 

£4 i J l£*Sj A_5 3j aXkLXa J XAL^ pS tjl£ ^IXjI 

j Oajli* (<—j) iXAS^ OS’j>- J—Ij t-jjl» L *1 j-*> 

ij— o-LaLL* j oJ <iilj gjjX <j 3jAj Jjliu ji 

SJ—AIj^jA j-A-g iA_jj—j jl ( j_j AJLotj”)lj l-$L_Xj Op-j-—> a_ 5^ 
aX> LO » j a J_A iL—j jL*~j i jaJ JjlLa ji j O-ajliu (^0 

l • * mm ajljL jl Aj *_£slj t3jji*-jJ jl jj— j <Lu»li^b aS^ ij-A^-a 
jl ■*—!j~^> jl jlj—j^ya l^r? *^lj O .W Aj £«-A jl 

?ij^ Jxij-a -5j_p-j; jr~>- ji jjj 

(Jl) v = wi. m/s J (J u = v/rr m/s J_p- 
(^) u= vy* m/s 


J_, L2i 4$ ^JjLS '/o ^ Y'-YU 

x < _ y —i»l jj-»-> ilxx.1 ji iXAl^ a: Of>- ji v’jlx ^jjJ 

( jAaLS’ jl—aj l—J J£—A (Jal—k* jj«_j ,jjl Alali .X^^a jl—>jj 

ji AJ? X_lS’ ( ^« C—*-j F x = le 1 COS YTTY *Jajlj jl j xL^ 
J?l .X— AL^ A— JIj (_— —>- j-i t j ,j-jyj *——>>• j-> F x jl 

jc jj_a«a (_**"• ji VY m/s jjljj >• c^£-j~* t = ° j3 
.Xj_jl C—>X t = Y S jl*j ji Ij V x \JLs- j—> (XAL 



r-r i f aja—. J5LA 


Ji (ji'Vl; jl L jLS l • ^ r-Y)6 
(jj l ) a * 0 m/S C-frj—— Ij ijJ“ ^j£jL£ 0 cJ—<1 Al>u t5jj 
A^>J I—i j —j 3jyf-j> jUj OX JjJa j?I .Xl^ ijji 

^j-iil £<ja—/ ^JJ Jj Ifjl l) OP- j-< iXAL •/•OS o£J 
o' 3 —- jl cSJjs' J ju" b jsi^ 

.x^ v_jL->- ijja^jj ^Je ji Ij O;^—<1 aXJ j< 

u = r/A0 m/s J A/ = Y/il N Jjjt 



r-r 1 6 <ia— jsx, 


r Mg jl jjji iij_A j ^ij ^j_jt r-YYA 

(jjl laj *£ ij-A^y* il>«jl u->Ll» j3 Jj^ Ij Ja—jj T t _ r t ... t , 5T .O—>1 

t5 iJjj j-i J- 5 -^Lf" jas" <j'-*j li 

Ij jj^lj U Opj——< 1.1 til jlS- Aj Jj*i/lj (J —*— * J XAIj jj^l—I A 
iS’l—Sda-.gl jl j—All (_5 jj_.I i— 9^1—jl jl .XXS - aj t = "\ S j3 








£*S ojlhXil) 3 tS^.3^3 T—)♦ 


y^*y J j <>.j^> i jy ji oNjU> jl <&y>i* il^l jtl^* i ( _ # la>- y^y J i Ja^ *jjJ> OYiU* ej^jU 

il-Xlal jJ *S s.Li aib (1)LL> /M Bji ^T — ^ jJ .^_JjT y* ^—Aiy> Ij (_£l4j_)lj (*^~*^* .Jlijb iy^J (_£|aU_)lj 

pi .<3,~>^» olSc—O jJ 0 IjLa jl (jl O.MO i'y'y y2^x^j> rj'o^ L «ji \Z*y*y .JlS y O-S* y- LaJ ji 

Hy ^I-i-jjI j il »j* t'—«— j^*j jJa .c^il G = mv jl c# la^ j*x^*_y* j ®i_^ v = r #ji opj— .ajZy yyZ jc-.y-z Ojli 

jj b JL^ (_^l ^i jl>- *iijlj jl 4^ 0 d-kxi (Jj>- /MV y~*y jJ jjbJL^ jl C*«l OjLp 0 *JoaI J y- P ojj 

v1~*.Aj jb l5L 



(r-i I) jsLi 


—ijyj V j r (_£l*jbjj <S" A *s~Jue> y iy* Cwil (^jb y % j ^ jy0 <jil J a 

.xSy tjjj*. yrj>\>- y_y> y C~-L> C—:> <>.XpIS jl 
.jjjl c-A jl jb_^ Jx-»j jl jly^ Ij cSWj'j f^y 
H 0 = r x m\ = m (v z y- Vy z)i + m(v x z~ v z x)j + m(VyX- v x ;y)k 

U j k| 

h 0 =wjc y z\ (r- yi) 


H x = m(v z y-v y z ) 


H y = m(v x z- v z x) 


H z = m(VyX-V x y) 





YW 3 lSWs'j ^.y 3 ^ * cr^i 



*-> jl X~ - ft |«X—j* ‘-9j*-* ^ L> 3y -bljj jl <-^i j* 0>w> 

jLu ij ^ ^y. ^ 4 — .r-u jsLj .a/ ^^r-u jsLi ^ <0 ^l- 

.JlS£ il>*jl La jj>xj> jl i_^j jA (J y- *S AAi^t 

(_g.l_ « j ji i j^I_*j T —^ — ji t(_$l<_jjlj j*o*_3* ^jJLjL*j 4j uS^ j^la— 4 j 

A » ji P o_S’y- .pjlsib jLiJ A ouLs ji lj JSLi jl a ,ji>v ^Ujb^j 

■l■ —I oJL— c-jL^xj r J V ^bkjliJj ia —jj 
(_^_ jjl—» ji /MU C_Jj^xUflb- L 0-1 y\ji O <UaAj Jj^- /MV jliojljjl 

Ho = rx/MV ^jU- <—j-i ejlXl l ^1^ aS - mu rsin0 rsin0 ^ojLJL? 


(JLaJ^Ij < SI j» :. : — ji .i>- oloil l J*>- pZ*y b XU J o-l (0*J> jjll^ ‘lSWjI j (*—<>» 

:jl J—jLp t,$l<ijlj 

kg(m/s)m = kg-m 2 /s = N-m-s 

.o-l [Ib/(ft/sec 2 )][ft/sec][ft] = ft-lb-sec ^l-ujlj ^>y .b-lj ^.15 ly\ JjIjo ^o- ji 


,*ii*$* Olj***J ^Ij-O 

l5 ^*Jjr* • < r^"j^l •(*^ A,S lSWjI) (*~*>* *i U P »S* j» ijlj (_$La jjlilS' lj pjloibl 0_^l 

Ij^-jb- *—J L 0—1 j»lj» O lj— (J y- Mo j j L l ., t . iT tOib Y*-A I jl P «ji jJ ijlj 

EMo = rx!F = rxmv 

j I*j jtS l j» jjiJ1— jl«j aj o>..m.'i V—Y 0 <Jil*j« jl Jb- .0—1 sJL— (_^jlj^jU«- XF — m v y y ^ji jjjli jl ji 

: |HL>b j (xo- lj C O—j-j iC-V A Xj) «iUo.l ^jU jpui- 4 j Ja^j-a jl 

H 0 =rxmv + rxmv = vxmv + rxmv 

ji jib jlj-i L— ^ jup j>\y vx my <U^- S ^ jl^ 4 (5^jl- 5 ^ <yr jbx <->jJ> J—»U~ j^- 

:j*jjb EMo 

(f-YV) 



o/ ^ > — .<■* Lj O CyL / aJua' dy~ ^ y J j(j jjL.ZJ?*£ sS^ jl— V—TV 4jil*^ 

<-! ••iV J—^ >%A <-^-ak i i ji Oio*ij9 j' c*^i Oi' ^ c/^>- m (jl<jjlj 

L— (_^jbj_j ^—lib* _ j V—TV 4_)ilA« .ij — eib la ... i v_.L^g ji- L .Ijl jt-^l t olji |»>..»«,— y <SL—L^a °jtJ 

. 0— 1 jj j ^Il5wi I (_^lA<i!j^ 

ZM 0x =H 0x ZM 0f =H 0) ZM 0i =H 0i (f-YA) 




Y-YV 4-l.sU^ jl ^jS Jl^^ijl L .X&iy I j ^s\*jj\j y ol j~J£ jlj^* j ^l-tias-J <Jajlj V—YV *bljcj 

j* dt<yj-J> L; .X-Ay c—-.b jL^j jl ,_$U —by jj «ji (^l^jjlj y y SMo jl 

:c~ib j*~*l y (_$jS Jl_^jl jl *£ 4 2 Mo dt — dRo 

(r-YM 

jj\xi£ y>jJaL^\^- jl OjLp *ij*j 3 ^° H 0( = T| X mV\ j H 0j = r 2 X mV 2 ji ji *£ 

iS*j(j <Lai Jy- tn y Jjlj ^ {j* 0^ Y'-Y^ j C..--I jl*j ji 

j yj y j O jy& *j |*^il yy lj Y“-Y^ . 0 <hjiJ Jy~ tn (_£l*£jlj 



(Y-Y^a) 

^1 cSWob ('-***>* ^ ol ^ ijij cSWjL) <*j-4> **l~*l t^tajlJ *£ -x£ l y > OLf *£ 

I*-—“r - j* j kg-m /s Lj N-m-s » SI ja 4-S - O' - : —~»a ^tajlj y*y xJL> c£W jlj ^.y* (^IaO^- lj .c~«l _^l 

ft-lb-sec (JjljlL* 

<_yJ B> ^ c£j <.Ja^- (*^*>* J ^j' - ’ XiU> ^Ujjlj J eSl'Oj'j <OjJ> *J*jlJ 

V—j—i Ho J 2Mo 4 — O — .«l <_£jj j—~ 0 oi~*7 X~>*j ,X£ j—«J C—*1 Ol •jlJjl j C~f>- y^JIj&jl 

•*y*{j* Y — Y^ <bb-* x <i}y* 4>*w .-Ujx> u-Jj! (Jl^^lil jl j oO-0 <iJj y» jUblA^jily» 

J,'’™ 0 /'=(ho.) 2 -(h 0 ,), 

= m [(u t y - Vy zh - (u* y - Vy z)i] 

z jy ,j[AA-iiy> Jjj-* jj oljLjp .x—tL^y* ti j t\ t5^bj L ^tbi* jJilLi i_»y*>* Y j \ XI *£ 

.ijli *y>rj tSl^iolj y Jl^^ol 



4 M L 0 j«> CaT y> jlS” 

jlyj jl J Ja-- Jjj_« J—*-> 4— jj ,y*y*P CJU- (^IjJ (^I^Jjlj J (iWjlj Ji yr* 1 ' ^'jj 

ol ji ^ C—-I 4 __>*Ax 9 ji (_ 50 *J Ji J 5 bx. iXx~A Jfli jci/ jl ji 4 *ry ijy *5 yj& Jiy~> . 0 ^* 

i>->-J {£\*—ijlj «jl-^l jz*j jl5l*l eJU- ^jjl jj .}yi'^f* XSy <3*JU0 y iJ+S’ jyA i£j J y>~ UjjliJLi' 

JU- ji x-y jl j^>x» J~~~* Sj^^oj!*£ m^y <> iS^ji J* j^> ol jb y c~y Ajb 

; Ij y <-> Y j ^ Joli j i 0 <kij J y (^IajjI j ^UejlJLlI tY— ^T tC—l oS ^y 

•Oi-iL^y. y\y H Qj = I t 2 x mvj = mv 2 d 2 j H 0 i =\riXmvi\ = mVidi 





XX) 3 ^.y 3 Y— ^ 



r-ir jsLi 


«jb jl—X i£c&\ _-iU Of>- ji yy^ j* H a , j Ha o^ 

<_$^JlS~_X .Jjb o JLI U * ^yla>- ^-Oj^ jjbJi^ 0^>- U aS oJJi 

to J fi^b^j aJL»U jj Y j ^ JabJL t j _jj O S y- <j aS Y— Y^ Abbe* 

: Q -J yy toJLi Jl*pl 

J <2 ZF r sin ddt = mv 2 d 2 _ - mo,rf, 

J' J SM 0 A=// 0j -// 0i L 

t£_^l£L—il j Jl£—il A-bjIj £ij-AJ 4 —! Jb« Oi' 

(-SoS _ 4jjJ> oVilit* 


l j—jjjj OjjLJ jl —;J ( JSo J*** Ijj j tXiS^yX AilOl lj (_^JbJL>- ^L.1 olc-^UsI V—YV j Y—Y ^ o^bbc* 

C*S y>- 4j tXbXi jb; j*o»j* jl j*» >-— >■ y. *£ ,j£ y 0^.1 U-» aS CJL jj (_5-bu ^l^ JLai jj ^yJj .Xjoa 

jl (_gjl ; .... i (,$ 1 ^ lj iJj-a 9 J £*b- ^yA^Xi 4 >—X y ^ *■! J XOL^yt JUpI Jjli j-j j*& L j iw-Lo ^L~>-l 
v^-U r L^rl ^1 a_~X, e-r a tflj, Y-YV aLUa JS JSbi .Xa^ J-£X 

•^jb LfH* *S.J£ ‘«Xi (j»j*A V ^ f^-A-l ^.Lai OSy- Jj tjj C —J jU ijy 


tSW.3^j f»***y> f Lib 

A_bU-« i J—J ill j —k./> y\y jl»j j! j^IaA y ji 0 OjU aIiAj J y>~ ojS (-^J jJ Jjlj (_$Ia Jyj <JS JJ U..t.if -A^il_^ 

^jjLJLI I j »ji (_$Ia_ jjlj n / . > • jj .Xlw OjIj aIoaj (jl J_^>- Hq i^IajjIj aS^ xS <»->U>*jI Y—YV 

■ u ^— j 1 - Lil r i j&J iSjy^ j t: >y. jy <-&. <ly y^y 1 

^ 7.a ja !j-*y • •i— ' £ l _y» c-<li aJoai i^j J_^>- Ij 01 ^jij <SJj? ^*i)ji jj bJL? «ji jljl 

.XU^y* C^jlil) OjX Alaa’i jl J_p- i^l^ijij 

^1 .XI-A J*P- O ■u iy*j> jUj ox i_^j jj aS^ x^X jlL> jj I j b j (i oji OS' j>~ ijl>- 

a^>oJ cXj—Ji^ j jlj ol ji a_j ^ 1 ; jU j ji a^ X-iL ^yJiUx* y (_$Ia j s j j j j ^ —F j F Jjli> cSL*j ^ 
A_bl** £\ .X^iU^y* ^j (^jb~» l» jLaj jZ J>\ Ja>• jl ^jb- 4 0 OjIj aIoaI J_p- Laj jjl~-.iT aS iy^y 

AH 0 + AH* = 0 :c—Jib ^ . aI y>- /.S l» lj L^jT o'i/jb-* j JL*pI 6 aj j o oji aj Ij Y—Y^ 

i_#b jJ eSbji jJ |t- O wi Jjja jJ JS" ^Iaj jl j |* 0 «j^ (jilj;bj .(XloXi a-—> bx* 0 aJoaJ Jj»- <^Iaj jlj (_5lA|vOj^ a*p aS) 

: (rr- J .^ L ^ 4 J -bb.^ OjU jJb jUj 


AHo = 0 L H^ — H 0j 


(Y-YO 


.XiU^y* (^IajjIj i*-'-* y 4 (J'**! j^b; aS 






r-rr 4 ^ 



^Ja—- i sjj j-i F j >-» lSjjt-* j- 5 44 Y 

L O A La <2) Jjlj oJLi O^b <jUL> jb JJjUo* ^.LL^? 

/^ ^j_J ./J = "\ • ° j r = ^ o ♦ mm jb ^ = *\/Csj^aS^ ^-Jb^« ^Ju OL* j 

aJopJ 


O *]al> Jy aS - y O *]aij j! JfA <Jjj*j <^11—I j by : J>- 

<1)1 j;—• tjlij-w (_$jj jl .£A/o = Fr sin/3 c^oi ji .0—1 F y I iyy .ib>*jl 

j_i» wl u£-ijl jL_, H 0 = L kg.m 2 /s 2 L (A-D/(V- 1 ) ^ r = 1 /o s _,j H 0 

[XM 0 = H 0 ] F(0.150) sin 60° = 4 F= 30.8 N v l^>- 

JlJLo 4 sSj 



./jfyu /Mjii Ho /b/-l 9 lZ^Uu! (J^ldAZiP ,<Uluiut (yj j) lZyJ/& lyjJ fQ/yl/j 4 j)bu (S/bfi (- 4 ^ yl 0 )UmuI 4 / lai/l y) 


r-rr <u^u> 



.ilJLol jJV, 4_Jjl Cp^ t c# _SC>-jS’ ^ y L ^lo ji Aj A <daA) y cj^— JijUa* 

<j oji v Op. 0—1 r„ o^S" ijlj • 

4J0U *j B *]oju .Jjl— y 0 4jjlj B *]oju j* ./ |vA jj ^jisl L B <hju jl jy& 
Ij 0 4j jlj .Jjli jl ji e £ pjli (jjlil Jy>*A jl T 4l^>U <U J oiy A <ki j\ yjJu h 

■44 Cr4 


J jl c 5 Lj fgA .t£ ^ { j 4 y> ^Ja- <-ij)e> jl oijl j J^«JI j jj j jl XJjLp oji y ijl j ^Uj j± \ Jp- 

:4^0 y .0—1 jl jiy j_p— d)l J_p- (^l^jjlj |0 *_y *LL ^Ip«jI jjhJS O -O jy** J y>~ 


[(Hoh = (H 0 ) 2] 


mvo r 0 = mv rcosO 

;! r!^-! ■ E\ = E 2 0—1 j\jiy jJ ^j y\ 4 


m + V e =T 2 +V e ] 


1 , l , 

—mv* + mgh =—mv +0 




TTY* 5 csWjlj Y-\ • 


r 0 2 - h 2 jjb JJi j V i_»Jl>- L 


i_jI y>r 


JlJLo 4J 'Sj 

iS//c;l/JI B <thil j) 6ff*^hul fj (juUj, <4 vu> /) 0 <ojl; 0 





- (“3-" J-aS YYf 


J -—y i k g V X-—i_>- jbj-t f-m 

a_s" x_-i .-Li .aIa jj. ^ ^ r = r/ T i - Yrj - rtk *Lj\j 

ja djlXl t — Y S ji , C >^1 4-Jtf >■ ^ f jl J** 

Ij ji ^_a loji j_< j jlj (jL_*j <A£ jjhJ^ sjlXl j»J j »ji 

.xX jj—j XjLxaL* »lx* J jp- 

ij Ijb m ^j-pt <—; (jl«ji i^L-p- (jl^JasJ ja f-YYO 
jjJLj X—aX j »1 ja o J—J * oaIa jLX iX£j • » _j X.<«.* 
j O Jj-»- ^ cS^; <-1^® <i cSjj*j 

.Xi£ jjj-jw jl*j <; X— X Ij «ji t£l<ijlj j— olj?* 

H 0 = mu(-ci + flk) j H 0 = F(W-flj) ^Ij*- 



ja M x^^- j JifjS’ / r-YY1 

0 * _k£ jJ *Jbljl ^\*L» *j »Xi «aIa jLU J£ji 

Lj_;i jS x^L^I nX-1 jJL- Ixxt j4 _j .jL-i X>J 

OjL*sl jl lj ^W tj\j Xj— < .X-— 

• Xi£ jlijj^> <JL« jl .XjLj l 



r-YYt < 11 — JSLi 


JjLmwO 

^LoJuLo (JjLwjO 

fj-*r *—> tfUj-* isL-ylj ^y> Mo .jlXl Y'-YY^ 
uu^ jl .a»: .J L, (cJI) oMU- ja lj O Jj*. Y kg 

jJK—I jl .3lit-l Lj (s_a) J tfl<-,lj (XX^jbjj 

.Ajb jljS jA j* -Oj jjl XwiX i jl JaL« 

Ho = "WfY kg-rn 2 /s 


V' 1 yr 
7 m/B 


2 V 


_12m_ 

r-m - 


- JSXS. 


cJs-x-y j Arkg -u j/ ^r-rrr 

l^L-Jad jA ij£_.i jA »Xi «aIa jl— X*P^ ^1 jIa j XS’jy. 

(XX_ja (i_«JI) :x^ jm .xlL^ 

•lj of uSj^I (jt) j O J_p- ^$l<;jlj 

”< 5 ’ 


r-rrr <n—jsLi 


Lj ^I.jA l 




J s± jAr-rrr 


*>—lajl j I—< jl x~o_j» jbjj G = —Y* i-Yj+rk kg. m/s <L>lj 

(V—X.j- t Ho ojlxJl .x--I oX-i saIa r = Yl+Lj-Ylc m 

.XX olxL fx« (Jj>“ lj oji t^l<ijlj 

H 0 = A /l\ kg.m 2 /s ^1 








rr& r-\. 


0^.3 Jjt—o 

y m/s ^ l ^ 4J i r-YYA 

4>«jL^ ji C^Ij jj«X* ^JL5w» l^j ^VLi4 0 *a3j* ji 

l^'^-ij'j f*-^.** iHj ol^wji; jl1_<UjJ ijvili 

jjjjlj) C <JaAj jl eji ^jX&yt B a]ojC Ij jt*j ll«wj 

—l~s^ ,j~*J (Ix-fclj 

H B = UoHk N.m ^b*- 



r-rri -oi—jsli 


fj—"f <-i T kg ^ ^ r-rr • 

j-jl . X: ....... a J— - x « jj_>- Li ^_>- I—; (_jl<JL» *j ji y* t kg 

jljji O jl »J—< jS£ ^yil jjli oJu& ji <P y±>*J> 

Lj*j./ 4 jj j_>£—- cJL>- jl Y kg ^j—i>■ <j (^iXly.*! .xS^y 

>-S’_j—L» 0 jjJ *—< <J—*<jy yiil cJL*- <; <L* j oJLi 

ijlj C-Pj_— ii£}L jjji *j\ji*»\ jihil jl J-3 .Xily 

\j <_JL. <y T—_jlj .jL-iL^ <y c = Y rad/s -UL. 

.JjjjI c » »jj lS^jJu jj <illyxl jl a*j <Loli% 

2kg 

it 

i 

i 

i 

i 600mm 


J\ jidjSL, cJU j! *xi oib jLiJ f-TTY 

C.— 5 j>- 4 —> £jj—i jL> ^ * N ji\jj T t£jjz> JI*pI 

\ o • rev/min a—> <jl op j-h t o ju j 

V kg L *ijj£ jl d ^ fyr ^J * • 

jl .C- ij£ J-&, jJ *ji ^jy~* <-< b L^Jl j^-Iy J 

•X^ - gji jLf>- j»u Ifray “T J uS’l&suol 

f=>0/*AS ^jl y 



Jr 


r-rry-ui —jsli 

y^r j' ^ Jjb iJjjj 4^' '(‘-Wh 

.< jIj_uI ji jiL>- iJL-p^^>-^—4 ij-yj 

j_iai ji c-jU xs - j-yj j-?_/* jjj (^ujjLJii’ 

C— 5 Tj>- ji r 0 xx S oL‘ . c . ■ -I j—^ jI^j 

.Xl*^ ^yl, c--li «jl_yU 



r-rrA <n— jsli 





r*-YTT 

T 4 _Lt?Li 4 j Ij&I {SjS j$ jlji jj*** j* 

>JL—Jt aib jL£J 4P j^>%a a Ii j+J* 4j j jCjb j\^ <l)j^ JJ >%A J ^ 
CO Jj- l>- Op j ~* .XzS ^ &)„ 'JL+S'j** U 

j' ^ cr-M ■ a ^ jws" ^<Jj£ (jd^j j' i_ri 'j 

jlj—i Yr ^U-i <dL«li aj j aLa (jl^ijl jj l^jl iU^Uj 
*-$h n pi —— ,_,—io>- <Jjy\ jl iSj~Z o~*?*+ 
j j—>*a j * —b* { j—>■ •••bjjl C—*■»ju ‘- j & 



r-rrr <ll— jsli, 


<_sUaL* <i m ^jPr <; <Sj j* i(Jj£ j* Y'-YY'i 
eSL, J 0 (_$|4_ tj\j OP j— i l_) IpaJL* ^1 .JjlaJLi JxO* 
^jJLSk jf\ .J_uS’ ( ^« jljji ibl o^juo _,j *315 o^li jj»h 

1*31—3 j_p*» J jl jl jl jji ji oJl>o (!>_?-*-; Ij 1 »aJL« 4^^1^-b 




ojIjaL* *_5s_j Jjlj f Y”— YX* , \ 

>-& jJ •X5’ c y*J ib«jl l j~*j -JijA iO J y 

J£»i _P jl ^jj; j <J^*jy** j'*^* 

£•1—«3jt A_» P ,jA ••&>- <\aAi jJ (^lajljpk cjjloJLi oib jULi 
•J— iL^ YTAA* km/h op^ <jl jb jyj ^k- jl TA* km 
A i^jl * .kl> jJ J-—i j fi A JaAi jJ Ij »jl ja!_w* Op 
.oiL^a "\rv\ km jj^»j .Oi5 
v B = Y'Yol* km/h J Va = Y YV• • km/h v l yr 



r-rn <j^— jsls. 


AO-ja ^^-l^-b ^ -Uw? jjj ^ jl*ji Y'-YY'Y 
A —; V» aJjI OPJ—< A Akoj ji .XS^y OS'^>- ^JSLi J>x^ 
Opj—U .OlL^ ^krf aJ ^ aS iob ojj 

A A k>i jjj Z aJL^Ip ji aS 5 aLa) jl ^l^lA Aj Ij ojj V 

1-5 jl— B jl «J_j J jS L# _Jol A>»An<» Ij I j 0 Ajjlj j ijb jl 
.O-S y opj-> j 0 (^Ijj Ijk^ Oxi ju 



r-rrr <ll— jsli, 





rrv J5L- r-\. ^ 


j y>- 4—t A,, la a) aS* A aJoAj ji Y*—YY*A 

i>a = ov/ioO • r ) m/s j_j !\ji (jjb-UUj .jLu- c^~. «c—I 

5 *la<) jj Ijj! l)g c~^L>- j (_5lA<i3j^ .JLiL^ 

.jlIIj^ U*/V(\*' l )km 


ij (o jl_jJl>- j c*p j iJ ju 1 jJLaIs y* • nun 

{^jj j* T )a~*y e-Li ^L>*jI U j_2 jlf J Jbj^l C.**«Jb 
.x£ Ij 

ft) rad/s j U[_ 2 = »)YYT J 




r-rrA <u~- js^, 

u—b»-ta ^ a ~“ y, A <la4j j! ^loji Y—Yt“^ 

i—< j »ij—» t) 0 eji *U-Jjl C«fr j** .a£' bk j •—s 

«—< B -daij *j »ji *£L*\£jb .ijL*^ fi 4jjlj (_»**! ,j->lw» 

) Cj—>t ® *— ■> jlj (,jIj-j i J—«A * ]oju j-jj h «du*jli 


r-tra <u«- js^ 

*£ \jtn ^j>- <» i^\<t\jjj (*-"•>* ‘ Ho Y 1 —YY*\ 

jJ IJ J J ■*' l _f* 1-^fLi (JjUo* © <J jl j C»>U ty, U-P ^ L 

i jj^-jj *la>J jJ (<_j) j *ias^l ji (>—A3I) c/Vb>- 

Ij—a C^jl—£» jl jj* I j ji *j .XfS 

•■X^S JeCjj*0 


r-vrr <u~. jsls. 

u l O *Li; jl m {sr ** jUji r-trv 

Ij »ji Ho <^l*-;jlj ••>•>j^ ‘r l '-jji t - ° jl»j jj 

.JjjjI C. >»^ (jL*j jl 1,5*^ JJ^ 3 O *la<) <j C~»—j 


r-rry <n— jsla 


r-m <ii— jsbi 



c-V ^ ^ tsj r-YiY 

jl OS' j>- *£ ^b- jJ iJUS - ^ 

,jjZ j-£j» & ijjjb <j ‘ 3 ^<y* c * i *'' J <p 

(P/rA j) + (y T /Vn)= ^ 4_kjlj L Jjlk. ^j-— (ijj jJ 

/I .Joil^ ^ s- y.y j X jl Jj o^ 

Da — ^ m/s j-j\j) A <.. \saj jl ^yj.y>j& c*p j~* 

B <1oaj jl ^ ^l<la>J ji lj jl »—.j j ji 7fi ^ .JiS tJLilj 

.Xl£ ^lalijl .Jbjjf CXwJU 







r-Yf Y <11— JSLi 


Op j-^ Lj 0 = *\ • 0 j j . J—iL^ okg f j^>- <; Sj j* 
jj j^l .xjS^ j» jljji —s jj*** lJ y>~ 1 • rev/nun ^1 <j 

”\*° 4—j 0 4_jjlj j oJ_ jI VIj t*oL i—*^Ip /•" 

/> .-OS' ^j—j«j lj CU .Aj-Ip- t^l^ijlj Op j~j iJjIj p* 

*—t-j+s*A Q. « jj j —*j 0^>- F (_£jjJ Ja~«_jJ o-Li ^>bJ 

t^l—*>-i^p j LajjL ^j-^r *-£ -OiS ( _ r jij_j .J L . ' . S ^.... n , ' 


y = r/* • rad/s j £/ = o/U J 


fj-’r fyr cSl> ,J <j^j' T'-Yi * 

J—s pi < l-...I^j ^L* 4j JSLi (JjUk *£ olL^ Y7Y kg 

jl—lj 0$—>- jJ {j-°^ ® * djl? <Sjjl jl OwjjJ .Jjle-Li 

Jjj—p-jj ^Ol—j *—J U = V* • m/S O^j-j L t«-Ll ob 

iS 1 *-ij'j -- L -i X_j_)l iJjj Jj— 9 jl Jj J oij—S’ 

^ jyf' o~<0>j jl j_^ipL i c~$>- jj Q) = *1 rad/s 

A. .»L>x Sjyi-ji jl -Iaj <L»li*>b lj i_^j_jI (^I^Jjlj OPiG) 

.J_iS lOj lj i_^jjl tSl^jjlj (jjUijUf jiSlj^- i@ j oj^S 



r-rf • <n— jsli 


«lj_*Jk <» WI ^j^ <{ 8 J^ ‘(J 1 ^*" i>!^* ^ 

^da—«» ijjj j-J (0 tSl<-ijlj O^j —i Lj ( _ y l>loJ—OS’ jlg> i—iLla 

F jljf-* jl j^l .JlPjf * L^—J J L^J < _ # A5l > 

jlj— .JL^^ jt-s* 1 ^ j <—i»Ij ^jJLiljil r iijJ, ao.IS' (jSajl 

^1—pxjI jl S aS" Oa- jLL j oiS ( j—jj r >o o«— j lj 0) j~*j 

iSjj-j I j~-~*j L_j dr oSy>- l^j ^Ijl ji Ja~*jj oJLl 



I 


F 


r-Yf \ <11— JSLi 





m jjl- 


^ L, *S jbl j ► r-Y£l 

(l .< <j j«J 13 ijj^* (3*1 a>uL,i» ji j <Jjl 

jj ^-i J_il *—9*a* 0 ji !jL 5' «ji tr-^ 

r. <jl3>—■<1 Lj —) (J-jUj 4JaAj Ij «ji «lLelj «5^ (^Uaa>J 

0 <jjlj *£ Juu Q) 0 C-Pj-» iCw>l 

b £-* T j 01 ub ^ b 

(3^U« jj (*~~~*y* <^l*L ji j * LI ..LjjT 

<y„ ^ 

<o =-— , T = m r(0 o 0) ^.1 »>■ 

r c r-rrr <ii— js^, 

o I 



T-Y f f <li~. JSLi. 





4 joJJlo T—U 

( Sj-S j*—^ '~- >u . Cy) • J** 1 <jl y& J-^ ^>1 Jjl ,_r^i <** j* ®ji <-£ ? *** *i J* y.j* ( _p , l>-’l LSb**Jj j «J y*\ 

jl *£ *y i_j jla« j v_., U a< ^1 4j oJjj <>■ y .ly ^Xaj* j oVaI*-* j <^jjjl J ^ji j_jjli |V «il~w * 

•j*-^ * j* <j\ji b cT’JJ ‘<ij* i^U-'JJ 

: J-i JUl_p- ^yjj* D { jL>tj ji <Jl*jj-l 4^ ijli i_p-j ji ^>j ( ^ . <a ., <a'> «j >— .lla< JJp 

(ijS"./ 4 lSJj* '■^>- _r 

l S~~nS U_i 4 j l^jl 4j«JUx* 4^ JLilj^y* (1)1 <^l*iJ <-£w*lbi (J_pO»l J l a.-. ; jJ^Li Olp_p»_p 

.-bjAi ji I j i_p- JLp Ij XS^J* 

r-ir 

ijj^-ji b (•—=r j' 5 fil-*' • c — j1 yv a ju^ (ib^ f^r’ >jy-x j^j j j f^j 4 j 

ili j>X Ij v_. U a.* ^1 JjL vL«p*j jlil jl ^J-i .C—-I jL —j ^yUj ji ^Jji ^r *” 1 ^p’l*^ -bb 4 j^ *S 

!j_M3 j OjI j ->■ iL>mjl j_J J (1)1 (_5^_IJb C .tiTjl I J oil* ( j£ji J^Li C—I 0 jL_J (^iljjJJ iJ^p- 

Jfljlj_Jh ji J ii Ji ijyji-y -Uj I ji ji Jji , “- J J' P_P i jy^ji J* .-bit)(^4 

il_*xpl JbLJ (ijj_>■ oL—^dls* *j ^ 1*^1; k--»l j-* JjL j^bil jl .ijjl JloJj i jl ,j-j <JU«li!)Aj I j (_jJb Jl>- 

•■>/ li^J 






( »*^*«*«> <£jfj* 

b m 2 j m \ <s\-t-*yr *—i <£j$ o jy-^y. j i i^l^* Ji* ol y& *-> 

j oij—; <>Jua ji l^jl y>- a£ xJL. j}aj ji T— \ la jjjlix* 

t.i tiL V 2 jl j—z£jy Vi j£\ . Jii—A ob^p- Jl>- ji i>2 j i>i y» L 

j-51 t5j-^ j* tS^b ji iS^y^ c$^*J J js^ (/ 'X>jy f i jy-y 

.Xj£ iX^b 4 J^~ u^T *i y 


r-\f 





rn tj^ji r-u 


\j—?. ( j-' , l*-> 4? •^ L f* IJ-j 4*tal lj j 4iiL { ji~>}ji\ OJU 44 -Jjl ijjs*-jt JLjJj 

.XzS C-? j>- l\) jL-SLi Op j— L ji f-HbJ^Li JjUx* *ia^i ^jl ji ..blJ 

La,_5j^ 4_JjI <-* j~e OO *£ C~J1 jly Oi* ij 0 J* <=^ 

jl—i) JSLi C lJ ij>,J Ji oJU- ,jij>-\ J i _A a ^" (Jjf ‘«l)L*j jl ^ Ji aS' 

I^IPJ i.u 4 aA .-Lib^y* U 2 jl £ W ] LtjjJ 4? - IV J. — ft U 2 J U] Jb«i>- (_jLjIPj~>i (^Ijli lft(_£^j? NL>- 4? Ow l o-Lj Dili 

(_^ljb J_JjL 4__>- o_ ** 4j 4? J~» 4<_£ ( _ r L ; LJ ^1 l> 4 ^jjj1» 4j Jjls-Li 0**J* r* 4 l ~ -- , 'j 0 .».>« 4 j elj>J.i 4 j 

Ij 4Jjl <-^Oo*i/l jL —,j Ia^ j£ j 2 j£> jL j O-Li L }jj>-j> £I .JO Aa\j?~ ,_y4i« O^Ip 

.^jJi ^>0 ^^wli j , --'* '‘ *• — * - ‘ i ' ‘J-*l» >-l 4,>. - ..>.«M1 j jLj oj-i _^?l .o»b jL 

l»— ' 4-ioil) _^_)-iSo 4_»*>i —?j o-f>- .p t»l <_£jl—» j^oSO L i$I4j jJ> ijo ji 4 ? tJijj*? 

(^LL OjiLi 44_j»oi ji . 0 —J a^JS j\^ >±*>y ijy ^>y j* 4 ^ j^Ua ^l; Oj>^ 4 pj^>w* ( _ 5 la^ 

: J •*£ b LJ 1 ^ 

mi «i + ffi 2 Ui = mi u'i + m 2 v 2 (V-r^) 

»Sjj Jl*^' l*c5^ ^ J* <-^Jji 1 j' x? j~? j* *£ ij-^Lf* U^J* 

0*T* U-i’ J-i t J^- e ' ■• X -^ L f 4 b (^j^^ K ‘.J-i > ‘ #J, jb j' *-^i J* J 1 J-’ 1 ’- *ij~* ^ *-~AZ* J 

.Sj£> Ojj- 9 »l ij£ jL*j OJ* ;i uVry C ~l**y gf* (*~S’ L f* 


O tJU) j\j ^m*i y*0 



r -»6 JSLi 



Ji 4JiU« <.^J> fjl^AJ?r J 4Jjl )a>\jJi I; 

<JLj 4__) 4^1^ ,^1 f*j~* jab jl Ji *S O—I £~e\j v 2 J v'l 

0 — 1 ?jL) OJuLi oJ-JAJ ^ol ?oil Jbl> a]oj\j jU <lLjIj 

djj^a 4_J Ij O-wjU- jjjl jly^/* 4? Oil) 8-I^S - =r' lS 

4_> dJo? ^ ^I—a-I 4-Jjl JSLi (^L jl l j-s- ji Ajj*j> 0 jlo:l o-—J 

eita jl Lj ^ l_) 4 _? )*ij ( J^—>i J* 4 j^ sjljjl 

la« ^?l . 0 . .*1 C^JZSjL 44j 0'. ;- »J jjjl .Syit^jA 

*i OJJ- 1 0~- j- 1 v^V <>Fd jFr X-S 0 

H Zjtyt _ 4 —>J*A> 4 jil)t 4 «l 4 j ^ I AjyZi 4 JOjjL JL J 5 w> j~jC Ajji 

' 4>^ ' oji 


f F, dt 


mJ-ul-^Op)] u 0 -u; 

^i[-Uo -(-«,)] u,-u 0 


^ 4 jLL« jjk 4 j 







e _ ^<0 ' __ tn 2 [t>2 U 0 ] _ ^2 ~ Vp 

j ° F d dt m 2 k-u 2 ] v 0 -v 2 

a>**i> j J j) *£ jl^ y&r jL*-* Ij (Au ji j) y (OViUc* ^jjl aS" cJi Jbl» 

j' 5 0^ L f ijy^y jUj JS’ j ^o J^A jbj .ijA^ JI^pI (j jj 

'.aL& J'*--""- 1, <r-w 

U. " u 2 I ^ ^r- I 

j Y’-Y’S 0*bbl— » ■* Ojj ) • /» (j—j^ 4-Lib O. w 0 ji 4 aJjI iajljA> _jj ^jy* ji € O.i^jb t -*jjf £\ 

•OAi^ Ij l/j j l>2 Ij (^Lfrl C-P y J* J Abl*j» ji Y'-Y'Y 

0^*3 jA tS3y^ 

J -l*J liuii tyt •■■•■. j- J (_£jjjl jl l^jl jljJ^ aS" vl—<1 ol^^A t-i*>bl b A-J~*A laji: ijy-y oJbJb 

js—* 4 l J* t - J j' j-*" ^y jl -^jj *b '-&>** <3jb <> *bl yy i£jy\ ‘-»*>bl .ajjl C—<-L ijy-y jl 

■yy# L$jj I ijij* jl j ^1—>■! djj* j* <-£j~«VI ( _ r !bJ ^Ij^l *^y y.)° j' “*b J 4 J y? J^A 

J^A jt i*-> b eSjb~* 4 J^ j^l’ijb *—^ A~"I y*^ <jil <> e - ^ jlJx» iijy-y lSjjS ^1 jJ a y 

e - 0 j'A-<U j£js i-ijff jl .JAb^ (iJ>l ‘-»t)bl Oj-Ij ^JS^yi a jI y j' c^d u^T ^ iSy.'H 

l£jj ->>1 *—*^—jl J —>■ 4 j jl ol ji 4 jl ji aS - y£ < j* ‘ -bstf jj I j tjCjlv jb b tXj^vV/ ^ 

• i jli IJ ^ jl-Xi* 

vt ^ 4 a^j: Ojb (i j^^ -b^ 1 cf* jiy -b>“ ijd' ^jy'y. 

c-ifjO ,e 

, kXji-.VlSl.tf C...-I C -t^ jb i—J fj> <£j Jj b ij yi- Jj JU- ji (*—>- C-A?- ,A Aj aS” C Mi 

1 _'_ 

l\ '*'*•".* '*■*•". j^-> J A—j j lx (_$ljli A_5^ ( _$I»J_JS' }jj>-ji ^L«>-l (_$I^J C—b?jb .ili 

\ "-S^Jiv>‘- J A V-i-r^ oi 1 -^LX* J*> y bU;b‘ LJU- cJ^k* i\y jl yju> 

jl—A j r-n J^—kl jj A—S* jjb jL»-A J i jli ^J^L—J ijj>-y O-C-Aj A*Ij 

v. _ ?2?J? "£?_ 

0 __ C-*_— A_| iC~P tS 2 yi>y (-Sb ijp Aj ^l^k* 40 J-i oib 

0 aj**’ y. 4jr*^ *• j*> _ - 

jb-»2pl Jj15 )lynK4 iJ^yi^y jl jy. y, ji aS" ey}\JL> .x£ Jj. ji^o 


JiU S^J» 

J ^Jjl t S'^ir £ 'y J ‘ JjUx* a S pf** <_*^b>- ^I^j Ij <Jj£y *jy>-y. <> ^yy jj^l 

jlj-» A_>«i^> l5Lj ji j Jikib^ v 2 j V! (^L^p j- tSljli w »2 j mi t 5 l 4 *j>- b olji 1>^I y .jiJL; (^jl y 4^1^ 

(^1—*jbjJ > ! • $ ■ ■ - > ■ 4 Y"— ^ Vb ( J^Ji ^jjLjI jj ,Xz£y ijy-y b o-Li oib jbiJ JSbi a y>*i (jjliw j Jjjb 

j tl^AjyiA (_gll-j|j ji aJjI (JUPj-x (_$!-*Ajiijj* 4 A>wJ jJ .ijSy O jytf iijy>-y ^)a+* y ,jj<Uj* Ja>- (jjjb jl C-P y> 







trr 

ji <S JU-iL <uJib y .(vfii = V 2 cos 0 2 ‘(V 2 >n = v 2 sin B 2 j (i>i), = v t cos 0\ t (u0„ = -V\ sin 0\ .xs~j* t 

..llle-Li a^b OL-J <Jjl j" - J O-•**' j'Oi* j^ljb (^l)n ( _y’^ v a ~' >^ 4 al^I«*0 ^jjl 



(a) (6) (c) (d) (c) 


f-IY JSLi 


*£ -i v— * -F j ^Uj,c~»l oO-i ojb Obi-» J£«i 3' c u^ tl y J* *■! My.j* -W' j~“ 

_y*j C .* .... » ^e> ji J Cw.1 ijy-y t taX»I J£«l jl e { JS%i ji *S J^e> OUa .Xty^ oJji JSLi jl d ji 

,£ti£ ^g* y. j*-0 *■> <3bj J ji> ji J jiS'ljA- jlji* iSj *j jA^o jl U Jyj yA iijy-y 

j (v' 2 )„ i(v'\)t i(v'\) n JjLf-J7 i^ljb (Vi), j (Vi)„ <(Vi), t (Vi)„ itn 2 j rti\ pl*« y m i\lA l *Jj\ Jojlj-i j* 

:jl xJjLp ^jV <bU^ jLf>- (U 2 )/ 

IjtJ^b n jl-Xiol ji KfryZy* ^Ua y (jjUt-) jl (\ ) 

m, (t>,)„ + m 2 ( 1 ) 2 ),, = m, (u'i)„ + m 2 ( V 2 )„ 

ji Jjl j «ji ji *j il-Aial j^l 0;A \y_j <j\i> j* (j\y 1 t ilJial ji (T)j (Y) 

mi (Wi), = mi (t/,) r 

m 2 (V2), = m 2 (V 2 ), 

jz*j *iy* *4 ^Ijjlj J* *-. r . J ^Ijb —« Sjj^-y oJU- Jljb jl» (t) 

^UkiUJ ^ 1 ^-; j /IjIJLI*! ji OAj - ( __ rr ^ 40 J_,j lj V-fY £jjyt£j\ y ,C~-I ,Sy,)j 


O' 


J^Lf* J’ 1 -' ' 


: r jbr->V JSLi jl aJLi ^Ldl 

.MizKk 

^ («1 )„ - (v 2 ) n 

4—1 IJ Y—\V ( J^_i jl B' 2 j B'l t^l—jil jj cjjjji { j^uL» C-f -y <U ]y 45CjI yas*ut 4j 


0SS" 





f-Tf 4 JLmmA 



j 1 crl 

•II - il 


Y £. • • t_£b ji Y m <Lali <; aS" A • • kg ^>- <; <_j jS" £*_i l5co t_5b 
<-» £*—i b j' u~i A' Acf* <4A— jl j'>> ^AA^ 

(<—>) jl <Lali^b ^_i v'p Ct&j** (<—ijl) \XzS L>»* tJLpw '/Ini ojljbl 

• j jAv* A y iSjjA , -»t>bl (^) j e c~i?jb 

_ <Ab j' b ^ e*A J dSii&s* ‘i£jA J- 9 ' ‘iljf -1*A- A : 

jj v = j2gh 

v 2 =^2(9.81X2) =6.26 m/s t>; =^2(9.81X0.1)= 1.401 m/s 

: jvjjli £«-i j t-£j ,^1^ (Gi = G2) A*>* t^bL J-^l jl (a) O 

800 (6.26) + 0 = 800 (-1.40) + 2400 v' p v' p - 2.55 m/s y l^ 

:C—<1 jjX>- C—l?jl» (b) 


:C—I jja^f j ,/bi f- 1 eSA ^ <J?~A c$JA ^ \>Av< J 1 Ji 5 j* **.r^* c Ar^ cSjA (c) 

T= V, = mgh = 800 (9.81) (2) = 15700 J 

:jl c —' °jb c ' J 1 u~i C— T' iiJA 
r= -i (800) (1.401 ) 2 + 1 (2400) (2.55) 2 = 8620 J 

:c...-l <—*5bl jj ^jjl^bj 


•>9*1j* /I )/9 i M £Hfi /) <*&*' /> 9 t)9>. ‘AA J4 (J^9/4 k *mjUu ,y £ajSi $ <J& Qj'y 'I (J&U 


Y—X& 4tuj aJLLwwwo 



rra r-w jju 


f 


^ (* j-*r J —* ^ •j^ 4 -* (*—^ b j ' «jU-i jv~>- lj *ij\£ : J*- 

•C —*j—b 01 zjy^y. jl jr* j Ij t y£~‘ 

JL**I *—tjJ» (_Jj j~-j alj_L<l ji j £—•«• J__j J*jli (_^La4j ily j O J L ? jl» i dy«i 

**** 

KklKk Q,5= H*j. _ <„',)„ =4 n* O 


(u,) n -(u 2 )„ -16sin30° -0 

iSj£ <-i utjjs-j g—r* 01 ja 0 *ji u^j* k 0j>- Oj-k f al-U.1 ja pZ*y 

!OtJj (JLo-pl 

m (V\)t = m (v'\) t (v'\)t = (t>i)/ = 16 cos30° = 13.86 m/s 

l/ = V ( U 1 )n + W )/ 2 = V 4 ' +( 13 - 86 ) 2 = 14 - 42 m/s vb* 

fl' = tan -»f.Ki.) = tan-‘f 4 1 = 


m, 


4 

1 —— =16.10° 
13.86 


J uto ajSj 


;l .)/JUe-l tefAAA <tj n pl/Ul y) ly f«ZUjW <5t«i <J*>/ C/J” <t LjW# G >yl/j (jlfy gj* )?/tJ>G [*/* )y^t, y) if <<£fliU twj /) O 

*JaJ' yLm) tyfiyj (JfyJ 6 y) W (j# .OuJ /J» 6 ' W (j)$ /> (J>G <Uyj> </*AfU (jjA y) (j/'>l;T OJUujyJ 



r-r? 4 jyj ajl^u, 

-Lil^ V\ = "\ m/s ,_$ljla *-Li *ala jLU C-4>- ^a ^ JSLi i£j^S" 

—-I 0j£— JL>- _>a J tijj jt\jt Jjl U (jijlaS J ^S - Y JSLi oji L j 

<L»^b>- j?- t-Lilj e — k !"\ C—?jL i oji ^1 ,x&^ 

ijy^y. j\ ^3^1 J~oja • J s^’ j' ur*< b 

.»1>'<3T I j 


tC.. — .«! aj—^ ^ tt j_^Lx—<1 j jLLj ji •J 1 ^' 

aJjI (Obj ^a ,ajl»«^. 0 — Y"* 0 j U 

t (y^)„ = cosY'*° =‘\cosY'*° =0/Y * m/s M.-—* 
=( 1 ^), = o j (u,), = y, sinY”* 0 s'YsinY'* 0 = Y" m/s 

:C—I n alOL.1 ja ej a ja ^1 ^ ^^ 

mi (w i)„ + m 2 (v 2 ) n = mi ( v\)„ + m 2 (v' 2 ) n 
im\=m 2 t y-ila LI j 




5.20 + 0 = ( v'i) n +(1)2)1 


(a) 


oJL^jL *_-j jJ» <dajlj 

,_ (»2)„-(W) w n._ (^) n ~(W) n 

(ui) n -(v 2 ) B ■ 5.20-0 03 

(b) j (a) oYil*« Jp- jl 0 

(«',)„= 1.039 m/s (i/ 2 )„ = 4.16 m/s 

■il-tul y_\ ji ^ 3j ± L ijy>- .0-1 JjU. j* t^Ui J->l 

)|*i_;b ^ j 1 olji _p .^jlJ j*rj 

"*1 (v 1 ), = m 1 (t/i), (o',), = (o,), = 3 m/s 

m 2 (v 2 ), = m 2 (w 2 ), (i/ 2 ), = ( V2), = 0 © 

.X^-A J, j Ojj-> Aj olji Op y- 

v,' =j(v[)l +(v$ =V(1.039) 2 +3 2 =3.17 m/s 
y 2 =^ 2 )^ +(« 2 ), 2 =V( 4 -16) 2 +0 2 =4.16 m/s 

—I f jlJikl L t/i Op j— jb^j a^ 0 / <uj1j 


M J 3 


;jl XjjLp m- m\ = m 2 aSoI aj ajj^ L j» jl Xy j J-i _^l 

T = -^m,u 2 + ^m 2 u 2 = -^m(6) 2 + 0 = 18m 
T ' = ^m x v I 2 + ^m 2 v? = ^m(3.17) 2 +^m(4.16) 2 = 13.68m 

:l» O-l y}j> iSjjfi •—*5bl o ji 


<tO«l (J_fl (Jn)yj, (yO U7 (flyl ^*° «ij/; A—/6 u vU/Zljf gilu/ yj (JuUa y .t^U/*/7 <U lyt ftl tfUypM ■tf'yuwtj <Uw]) 


U? Ati g\y ,y ,^yT C^v/J (JyfM ,lfA y <0 >(*a ,lfA .JjU (S}f% )MyJ ft! ;l )yl/JUI AlXu uf (jl M yjffja ifuAb IZily toy! 0 

./jfj/f tl djjujly l)ybu Oo 84 

.iSmiI lyii yy/iu tl yl/Zal ,y (jT V 2 fjLfj C^t-yiu laui ,y .iZmiu} (jifi b y <Jyl OP/*w <ijyl&d* (jlyl) t )I/Ztl ,) V t/y •if'Vyly <t&y 0 


rrv J5L- 


Of>- X)\ Opj~** L fti\ ^j>- <u (jij£ Y'-YiA 

*jj>- fj*r <» (JJ ^is* j >■ 

cr- 4 ^* c ^ — ■' ‘ £C—iSjLj ^ 

«^jj—>~ jj jl jj-o /W) jJjU» os’j>- d-plj a? Ij /?i j /mx 


---Q- 


m 5 


••'"S' Jj-Aj’ 



r-rf a < 11 — jsLi 


c-S - ^ JL>. Ji V ^ I_ _ *£ A J—jjl r-YH 

j-iL* 5 fj*r ijy-^ 5 J~Aj\ l c-l 
J 3 J— e- i£j p j m jAj> A y\ ^j pm 

J ,J_Jtlj e = >/\ c—l£jL-< • c — 1 ‘■^•r* 

V jP t»—-a- J —i ji Ij Jr*J^ V'b j V'a 

.A^S jjl P — */fi iS^ *i 0 ij 5 " J^LjJ 



u* = .rxrrv j v' B = •/vrru : p = */o ^ 




A B 

r-n i <n— js-i 

JL^ jx-ZrriA (sr^.A J\jT- TO* 
jj lj_iil jj mg ^^_a- <> B <j£\j l; o—lj c~»~. 

*->. 4—^L> ji j J *jj>-ji «^—*l 0j£~> Jia- 

I—; jjIjj t£jjjl *-Wll j~& -U*a jUJ iX yi, ^jJ&u 


. 0-1 m B / (m A + m B ) 



r-ra • <n— jsla 


^JjLwuuO 

^gi LojJLo JllwyO 

w5n_j <OLl L J^Lc* j-liijl ji ^ Y'-Yf.O 

a-*"’—^ ^ c —ji j Uj (j-aa^i 

‘J^—- J^ 1 -^J—-cf 4 ^J 1 -^- »ij j' 

_j e C l£j\ —« ,_jl> _);al Ij uJjj 

Oj-i,y. <-ill Jo Ji *£ Ij n *Jjl tJjy\ j\ 

e=./AY < \ j n = '/. rVY ^1^ 



r-Ylo ^ cJ^jL /ir-YH 

A-j ^IaJ L jl j J.J'L ^ = • /A ^L..^ L ^j^p“j-^ 

jl ^ j aS’ ^ji ^j>l L »—M* • mm ^Ujjl 

X) o OpO^ Aj t# ij J*~j\ 

. wOS” Ij 


-Lw-U^. iijk J^y. ^jiil Ji^-a j_p»a (Jjj ^ aS' Ij aJI y^.\ 

.J-ilj^ e = • A c-.JL ? j(j 
v' = 1/oY m/s ^ jJ a -o ^,\j>. 

v' = Y/YA m/s O—Ij i-jjia -o 


t’x = 7 m/s t’ 2 = 5 m/s 



m i = 2 kg m 2 = 3 kg 

r-nv <n— jsli 





J V. = Y 1 rn/s Op^ L ji 

sjj—^-y tS^j* —* ^*° 

0 <Ujlj J U OPtJLltj e — */A OJlSjlj J}\ 

.JOS <—!>*/• j£—> <^jj jl c5^ jL ^I^ia << tj 



r-raf <11— jsli 


°^i3 ^^ w * d0 

ji os' <&J> ^U-^Lal JJ <Li—* jiY'-Yoo 

JjIIm j ny t y\jj jIjIj *jy-y o\ 

^Sl— IjujI ji •« j^l .>!«. Kot si^S Ia»jIjjJ V <J^** 
(ji^j C-P y i-OiL J-j <li— JCJl< iaj\y j Ojj 

.JLiS <—l>v« j jjp“ jj jl ,j-j <JUflli^< I j J* 
j/: V' = U/Y* m/s j0=-W° ol^r 
jSL-: 0 ,' = U/NM m/s o^ 



r’-raa <11— jsii 


o—l jl UjJk. lSo oU^il ja Y’-YOl 

.Ol_«J Ij ijP- ( j - 1 ; ' • > - tSjjjl ^l«j Ajj-j» J* J j '-^*i 

J_»lj_os j jj->- ji jl 1 _ r -j <JL<»li% c£j c**y ooi ja 



j—i oJliljl jl—SJ >ulji_— >1 Oi Y"—Y0\ 

j_jS_*- Jl—*- ji Y" j Y (_5l*<jl_j—I OjIj ^ybl j_y 

OPj—> .i yiy \Syiy l^il 4 j M C~e-y l> ^ <jlj—I j oijj 
jl— £ C—lijl—< —ij-J» J « ——- ^ Ij Y oljO .1 U 



h T j-jl^i iS^ cAf-^ j-^J a fcUJjl oS j—; yjy* 

j-i j£‘ ■ j (^*^Ij h jl j_j^—< oJU- jl ^^S.-Uilj 

•«/<_** U -> c#" 1 j 



r-rar <n— jsli 


jl c—ji Y’-YOY’ 

jj-i» <i ^i—V-V ^ j 5 ‘-^ j>« l5jj 

i ! . J..’.S ( j_—*j Ij h Y ?ij—i ,j~iJJ—j ,j-®ll 

ujJ j e = * /^ j~* j >—Jjj jL» i jj^y tS^y. '—~~^jlj 

r = U/Vo mm 

h = rvr mm J /j r = UO/A mm ol^ 



r-rar <n— jsli 










L JL^ J*- cJLs- Ji Jj lj aJL—• .jj £ X-* Jjlj <uL>- 

t, B L_J A a]oaj jl Ajib»- J>\ jl d)J £ j iij^ 
■djL—_• jJ—?- ji lj B Lj A jl 4__oU>- J\ (>—j) j -bjjl c - jX 

.j^S Jhu>j*# h L a^jULj jj ojj ^Isl* jl cJU-i 



r-t'f-r jsLi 


j a_J jl C-e-^ L OLiL ^i'il J* (Jj£ J* t-XVC 

e = */V CJ^SjIj j£l ijj >-ji JSli JjU** 1>B 

ojjjl c—-a. j' >j y t xiL 

.•L^ Aj^jU*^ lj ^ 1 —.—» /I ^JL.1?- t,5jjjl >—i^til j 

o a = "\ / vr m/s jj 0 A = -\r/6° ^, 1 _^. 

Ufl = Y7YY m/s Jj e B = YV.° J n = 7. ii/i 
I 

t> A = 6 m/s | 



| v B = 8 m/s 

Y-Yf’Y <li— JSLi 


aJjI La* ,/U jLiC. jj T- Y*\L 

.J—uS’jy* ^j^5o L JSLi JjIIu <-Ui£jj>- ji l)g j tfo 

j C-PjIJa*) C-Pj— tJLil £ = */V0 j£\ 


a _ t teij jj oiL>- j* ^tLJu ji Y'—Y'V 

f_r^ ••^(y lj (•-* jd 

^ .c—i n- • kg ^ fl j^-i j u. • kg jjA 

>SjL~L* C^-jr* L J s-ti J-Jil* |*A Aj Sjy-Ji j 1 o~i cW'-V 1 

C-c-j—- _^l .JU^^ c—S’^>- io^_i ailj jLJLj ilj^ul ji v' 
tj—iL o* km/h j->}j, *j <—li>J ji A 

C—X jl lj fl Ji^yl 


y 

I 



At 

T t’ A - 50 km/h 

r-Yf" <li—JSLi 


4_! aU L-j; OLX j> r-y\\ 

^L«jjl ji ,j—ii I cJLs- jl j »-Li J~al* j^j Jl5o 4 j jjs^lj ^jSf 

i> ji— » fji'ilji j ijl^w* ji aj ^ 6 • mm 

j Lf -^ji Olx— j I—^ O-i^jL v*i-r^ 
a_L« 0) tglA-jjlj C~p j—- .J—iL •/! j • /i v_-J^ aj y 
A_S" ***~^ Jjl ,j-«J AXs<»lj*>l; lj JLajl 


(O = */ovy rad/s CCW (j j&*Lol o^) v l_^- 



r-rf’l 4liu*« JSLi 


eib jLLi JSLi jj aS' Ij JL^L-j uijj V— Y*\Y 

j^l .a_^ J j—>-jJ JUSL—j AI»u Aj /4 Alajtj ji td~tjl 6 JLjj 

h ^j*i/ ^Lijjl iJ—ilj e = ‘/Ai ijj_9^j ^1 c.- t i'jli 
£ J* B AWi jJ ^jj aS^ Jj jjl jld>- Ij aULj- Aj 













TfT <s'£ y iSij* ^ c ^ 6 V-W 


j* f£5y& £-£}> T-^T 


j^L ' CUs*/ C*£j>- iC^ y>~ <1)1 Aj <.£&^ C-^OjIj 4jiL>- jl ($jyJ jifiZ Os*i a^«1^1a 

c5j-^ j* (Jjjr* v ^'—' X-iTj' Uojlyil* j U«jL— ,jj lx» ^ y .Xjj£ (Jjfj* <Jjj? 

i_SLoUjJ .JLJlsXo^ ^l: 1 ..:—J 0 0V\-^"\Y'*) ^LS” L— jJ CjIjL— cS y Xoj jl <l£ y £y ,jjl y ••>■» * •••■* 

JjSLJiJ Ij L*U^Uai £b-Jl j ob ji jj* iSW^b y ] J= ‘cSj* j A d>Jy j& ^ s ’^ 

iSjjJU ) l_£j c*5” 

j-iLj c_>*J *£ juj£> Jiiu ji \j m ji tY"— 

\ I C-S - ^ *j^ 

f _ r m m ° 

r 1 

c-jU G ti j-^y ^j_» c~>LJ j t-jilsr j»—>- mo o' y *$ 

j- 51 ^^ m ^j->- *-> ^—-l*vr j—^b 4 o* r -> 

cyj jj* ^ #L * ^y <Jtyjy jy *i cyj ^y 
.xiL j~»j jj* y J 1 %M- iSj^ JJ^y y •jb* 1 * 



F 4 

- + --x 


m 0 

H. 


r-IA JSLi, 


ji ^^-JaS sl£xo *jy> Ol 


•l£-o • 


ijlj 0 C~fr=r j ijj -*■*'>>■ r Jc* c^r 

.} £ JUpI Q j r I j T—A oViLfc* 

_ G fL^o =m (>._ r 02) (r-rr) 

0 = m{rO + 2 rd) 

<Sj£ J'J' cri ^ *jj\ b ^ '^ = 0 aLjIj ijir/fflu^L 

r 2 e=h u (r-ro 

J m ^rxmv ^ j-« ojlJUl *£ zjJ. A^y *S ^ ^ ^ ^ISLil T'-Y'i <JiUw o^l 

.Cwl itiq J j>- m o*y. Ij j c-jIj aJ^U-j y . mr 2 6 ^jI^j mo 

CjL‘ <dai) J y~ <j^>yJ> £\ *S JjAi^y jLU aJ^U-j ^jjl L# S'il—j V—TV AJil** jl b (^bi 

•J^y .yb b j) H 0 (jl^.jb t^y ^jb «jS O 

j. jI y £tk_wJ *£ J-^ y jj^r I j Y'-M ‘ dt j j-L^U ji aS" 

4_JiLit* (J-Js <—£ A = -j r 2 Q :L <■! _ ^1 ^jI^j y oXi o\j?* jjjl^jlij . dA = ("2 r)(rd&) L c — ~il 




j* aXi jjU- £jla— *£ j o—I oljl— oS” y>~ ji jLSjjJli ^>\~> <_sl4>*0 l jX>- .xSL^ OjU T'-Y'f. 

■•^y}y. (*-* l< lSjI—« lSUjL» j 

if_;I ji t j Y'-Y't 4_)ii** i_j r-rr 4_Jii** j_Jji —.sjj ji jiij m Ja —y exi j» jsLi 

4_J.il** 4—i 4 —>■ jj I—, 4 S 0—1 T — ~T — lli t4>«0 ji .0—1 Xi* T— j£jl>- ti j . rfja * ^jjl 4j j J_j .ijjl O— X 


L r = -«^- jojj^ xr-Yi 


'* ji'ji <y u -> L* 1 - 4 1 


tf—VT 4 J.il** ji l» J—»l>- r——h 2 u 2 '^qI 4Jil** 


-Gm 0 u 2 =-h 1 u 2 ^-^-- — h 2 u 4 


d u Gm 0 

lw 2+u -~h r 


:o—I jjX^- tpi <>-js <^l—J 4 jiU* ^1 J^- . 0 —! 4 Jil** lSL 4 S 

u = — = Ccos(0 + 5)+ 
r V h 2 

yiy— r ‘ 0 =0 ji *£ ijfi jly,^ x Ij * j_p»* .X : —a» ^^ Ji^£j| OjU ji <5 j C ji ji 4 S - 

:4>«0 ji .ij— *_ix>- <5(_$jl» xjlj j 41 —Ii Ij jUi* 

-=Ccos0+^2. (r-n) 

r h 2 

£kUu> 

(1)1^* ^Jai* t_SC aS ^Jjlib .0—1 ^jyixA ^WIS* oViU* li X* jU tY'-Y'l 4JiU* ij 

jl-Xi* i(j^iL») Ja_>- jl 4iaAj jUx 4l—»U 4 j ( 0 jJIO 4 .L 14 j i_So ji ji AJL— 9 I 3 e 1 ~ ‘1 4 S" 0— 1 ^j>C j> 4 Uj', ^ . I'ft 

Jij X Ij Jl Oljj,y e = r/(rf - rcos0) ^jli T -\A JSLi jl t 4>xJ ji .xil ^li 

-=4cos0 + -^- (r-rv) 

r d ed 

*j$\j* ^jy* t^jy*** <“£* tSjj y. m ^y’r X-S” 4 S' ij-i^ aXi .0—1 Y’-Y’l 4Jil** XJUa 4S - 

: ' ijc " = (^) jrf 4 :j ' x; ^ o,ou ^' s 


k ^ ^ j ((_y»4—) e — \ '■( L yhi) e< -^ -ita jl y (_y —jy i jy O^y^y I j oJU- 4— 

.0-1 aXi aib OlX r-n J5Li 



YfA <£j?J* <S3ji* ^cr^i 


Jj“* e>l s 
c = 1 N \ 



*—> *£ *y^tj* # “^i i T'-TV <bl*> jl :(e < ^) L fJa~> iJjl oJb- 

I j jlJ—iL» 6= 7i (_jtjl 4 j j jlJ ju ^juS r i 6 = 0 ^Ijl 

.jjlj 


„ ed ed 

2a = r^,, + r =-+- l a = 

1+e l-e 


1-e 2 


j J-SI-i*- ^joUu j? j T'-TV dal** jj. jlj a (_— ■> • d J> I 

Ojj^> o jlj^ b r ^1-^- 

(r-n) 


1 1 + e cos 6 


r a^-e 2 ) 

/•min = « (1-^) W = «(l +e) 


•XjJ JUS\ , 


- tXl^ C--X 4---U* jl aS' b = ay 1 -<? 2 -d^b ‘Jjl ^ 0 _>*>U 
c—-I j—L£ Jjl Ojili j&Lj T'-Y^ <bl** .xl^ _>a «^b Cjjy** << j oj^j r - a j e = 0 <_£ljl <> *£ *y^ty* 
.c—l # - Li £fb <_r^< j' -> 5 J ^j>- ^>1-*-* Jj U#jLm, Jb 

jl oJ_i jjL>- ^\a .» A O-jI—J jlj~» <i A v-l..»..«S ^b 1 - jl C~»l Cj ^Lp ^ jljl* (^1^ T 

:j*jjla Y’-Y’t dal** jl 4a*»X js • L fdhi 

A 7i ab 2Jtab 

T " A~\r 2 Q ‘ T_ h 

Gm 0 = gR 2 j ^y-du; t^lj—» 6 = flVl — e 2 <.a = -i -jt t rf = l/C Jajljj jl «aliL*l jj _$ T-TA dal** <j 

\ l ~ e ) 

:c-ib j*-Al_p- bs^ jl .syj <—»A>- 'i/L t djljj jl b ^ b 0 jl>"Lf* 


t = 2^' 




(r-to 


-^r (< —-r *—<ib- »_jU— i jlia« jldu ^ _j ia-i/? <JjUw ^1 jj *£ }jb, *j>tJ! 

.XiL^ 

L C-S - ^>- ijjjj gjA *£ o*-l jl j •x£ i _f» dljl b !*•jb~“ ^y*- J* y^f J-* OyL* tT-i • <JjLc 

.o~jI —*Li« jl-L* ^L*-i 

: ^cr* r " rA -> r - rv :(*='> cJU 

— = ~~ (l + cos Q ) j h 2 C = Gmo 
r d 

.*jfi aaI_^ c~*—. <j a JjJ jJ _j jb 7 T c.■■■».-•' <j 0 






ji —01 j 0] a — j jlj ji Aj 45" •^i'5 Y’—TV Aj L Xe > \ ) JjJ«i* < cJb- 

Ij cSj>- i_^j f-Y • _p aS" (_g j y * C-jI$~j r A. L ^ » li ccos0j =— aLjIj 

II 4>-l Ji .JUiL^ —0] < 0 < 0] OjJ_s<3 4j (jl L olj-**j 4^ O— il I 4^-Li .ijL j± jb (jl^*l 

(_glj_i Ij 0-..L* T t^.'. 1 ^ ^jjj^Lb- Ij T t — T (_jb«- Aj j 0— 71 t0 .C....-I T li) «JjL*—jL £-liai Ij ^iJLl* 

.JLi .AaI y>- Jjj Aj f-rv aJjIaj tA - *! J.i jJ .J^j jl^j 4>-Li ^1 

v v ✓ , 1 1 ( n \ 1 , 1—1 COS0 

N S \ ,' / —rd v ’ ed ' r ed d 


cc— -i c.L.1^1 0 | ja <_$• r-n a_!^ l aIojIj ui 

h 

Jb a_$LjI JjtJLJ II 4>-Li jl ^oibj 


tsj>> J*bJ 

j 7" ^ ■•■; ' • > • J ai ^i ^IaLI l 5^J^ '■—f" jl o J b m *0^ Jb- 

:L c—I ^b* tSjy 1 .-U^ b m *i ‘S* & ^ Je—^ i£jy\ 

V = -mgR 2 /r :c—I ^>- YT—>0 Abb* jl J-Jb jJ j T =^mU 2 =im(r 2 + r 2 0 2 ) 

j i—jib- /? teJ-i »jtjlj| j*—^Ja~j A^ Q....«l Ajil^ (jll a < «—'bi ^ aS^ i^JjbL 

ji .c— I Gmo = gR 2 

E^mlf^rV)-^- 
2 ' ' r 

jl j r = 0 j — = C + — — -Is-ibj ‘ Y’ - ^ aJjUj« jl a_ 5 Jjjt C .— iJL> 0=0 ^y^s* l J E jIJjL* 

f h z 

.Jbl^yj c—JL. jjj aj>wj ol «jU« j E aWjIj ji JojIjj ^1 ^jij^^jb- L r0 = — aIijIj if—Y“i Abln* 


n3 j—> A_Jajlj j-5 oi >■ Ij j h 2 C=egR 2 o^j-^ aj I j Y“—Y“A aJjL*^ Jl>- 


4^ JL-O (jl y ^ .C—-I O—iC.^1 


.C^A-I JCa E i.e<\ (SyJi^ jtJU 





YfV <S'£j* ^j> Y-\Y 


.c—l c-i *E <.e>\ ^J±* jlx. 

j V — 0) C -I oJL-i jA-0 ^ j j\ alj>«b Aj aS Jjb £*h~* a> ^yjubj u^T *-^l 

•(r - °° ^Ijl 

C—'Jj y j Oj_j4» Aj m V OC- J— < (^1^ (_^l4jajl j (53^1 AJil*4 jl 

Imv 2 -^l = £ 


4 eSL, ja 8J i e js - ^i =^L_£J ^ .i^ ^ r-rA r-i \ ji 


gRm 


■^y^LS* Jij 

Or-tY) 

^j^jl aJ^L*- 4 ji c3y aJojIj jab jl^5 L 



(y-iy) 


c/ibl** > ..S 'Ji jl .a^S Awil>«^ r aL^U »— j> ,j4»U“ jlo l5sj Ij 4 ji ojljjl d)l jl a£ 

Cw(Jj t^yja^j jl-U t_£j ji frrHx £jl J fom ^j a .- ja? - J* • _P C-C’j—' Y—tY J Y—Y^ 


(r-ii) 


(^lojL .1 OS^>- Aj by jA ^pU^4 ji J oJLat ^jl>«Ijl jjb Aj A4^ial4 jl I jjOljl4 D ji 

.JO wLaI y- JL Aa 

OLj j 3 jl ( _gl<Ui 3 ‘iC> 

.XiL^ jljO.1 A— AjL y jS -1 

<-! .C-jb >S>I4 jL-i/l jA Ji \j 1*11 fyr ^U: jl^'^ iX^jk Ojl* cS'jb aS’ <^j/ ( *^»- ja _/> -> 

•*/ »ji J* b A a ^*->4* 

.ijloJ c5j^d J lSj.k' ^jb jd^- ^ ^ j* ^ “ Y 

.C—-I C-jU L<ai ji Wlo ^—Y 

(I) yoji .JLib AiJib i£i\jj aJL^U t c—I yjS^> Uli- *S ^iU- jl *S c—I ^L^-l ijy ji (^) a *^ji 

ju£ Cjw> jl OS’Aj ^ j' j* 





bjIjaU y ijlj *£ ^y ‘O’) £?^y $y* <> .C—<1 j\*jy>-y 

jj-*j d)f y jl-L* *£ * jy j* •■!jfi jl jl j ^yr^ j* S ly** *£ C—-I ( yjy 

J a t /jJ t-ijJe» jl .C— I l 5 L^ jj^j *j ojI^aL. ^y j_^>- .C— I jf>-U (V) (^lk>- tC—I ^j 

X_-iL <oib ^ry .JjI ^ *yry j*-fr» ^Jj •-&►■ j£ <jlb^ ‘»b_ jy j Kc^ysy ijy y (V) yy <Sj$. J^! ^Jy 0 


(j-zfy L - J (JjJ j? ‘ 


4IAm|| | f*jS? 3 O djLuuyuO 

1 **'^/* 'j jj-b- jf ^ iS^jy y # _>*>b J )*> j* L> fyr J a ^^ Jb- 

«■—■ . < » * jb_^ j ObU mo Ij lj j£jy. ^yr T-YS J£*i 'p-y^iy* <ziJl ^*—>- _p jljip c->»j I j <1 * —« ^1 j 

P <£jjz—I J ~F J F i—bl_>- (_gl—*J y .jj j . ‘ y a !»■>.« ; .■ » ) i-Svj 4j C ~J ^ C.-xl T2 J Tj I -jjj 4 j i_Ssj jjk 

C-^jL-L* y-^y- j- 5 ' J a P iSJjy ■^J—'y* Jl-^' m {j-*r *-> * f— ■ > • j* yt> ^Sjji> y •/** 

<_#—«?,> I; j <SJj£ y^ ( _f~ j lj? jl*k* i*^>y y y~>\j (jL*c-Jl*3 i^y* |»—«^- «-& *yrj ‘c$l jlii ‘ j _ # £j*Li.ij^l 

.J-ib ^L4 ^L, J J.l_^. j| 

l j-;j <-> <{yr j* jl y J>y O^jb JUpI 


b j (*~<S c / , m y b j n»o lj Jjl <JiU» 

iyiy jl <Jjl 4-bb-'' 

_ (m 0 +m) P . 

-G±-2 ——-r + —= r, -r. =r 



f+G K±*) r= i VM 

r m 

d)b j jl jyfcjlj O jy*> 4j I j T C. y . ’ iy jb jj 4 ^^- O jy& j* *£ C—<1 <J y* J^—Jl^ij J i_£j f-LO 

ijy X-10 (^jb^j <lajlj l» (_$ ( J ; «JlyijJ oViU-« jl i£j£ Jli/Sl (^ly» Slj^wc* ,x£y <jljl 

. J^il; (_«Jl><^ P J^l ^yya^- <j .c—I jU 

t>3<JtAA 3 >5 AllwjO 

y~ j p-yjy f*—j- 5 <li—• <j iJLiL P = 0 j mo » wi ^?l 


I|*Jjb tJliIjjj jL y^oi pl.<3'x< i_?- jj 

(r - r0 2 )e r + (r0 + 2r{?)e 0 + G-^j-(re r )=0 


^ r j r X-Loa *bb* ji ^1 






YYH <s£f° T* <jr*H 


.Xj}^ CwiJb V-YT oMaU> 4 Jjj_i I; cS^a jla^ <—■*; \jJ> jj~° ja 

^L*j l. -<a» jj mo ^yr 0*yi <«—>jIj ijj*y jl b x£^j* jU»»* I j l* T*— t Oa <dal*> j (P — 0 L) V— i o *JaU> a— jli* 
Lf Jaj\jj ^jj* 0 Oi' ja m o ji^M- b (mo + m) i»xi> J^>U- mo f j>r diy C*jU ^y>y L. *6 ^jLp ja £\ .(*^b 
L_j mo <J m yja*j <xSy*- iS^y. ^bL» .-b<—*!«■■»>■ <j Iij mo <Z*£j>~ *f> *—"■ ■«*■ V; 

:JLi AaI^ 5- ^' ^ab«> <j <?- 

a y2 

t = 2 n—=== (r-iob) 

\G{m 0 + m) 




r-tv 4 ;^j 



>—jI—iC-S’ llj la^ty Ijl^il jj £»\j 5 <daij jl ^IbjIjaL 

V *^Ji tC —' * * ' * km o' d** £1 *.J *S <J o'^ <■& <; j »0-i 

j Vp j—* (a) :J^S 4 J-iL l*" km gj\ *]a2j ^Ujjl £\ .a jji ^ 

ojIjaL^ J-Uljl tS C *iaZ Ji C-Pj- (b) 4£jl J A»Ul Ji .jljAl. t> A 

•jlXt Ji ^\yT Zyy (c) J JLil^ Y 0 * * km *k£ Jj| Ji 


s o'A f* lJ £j' J ^r-w*^ JsLL jJOP^ :(a) J>- 

'■*£ Zjj\ C~-.b j' iSj ^\y Y-tt 

r raa = 6371 +4000= 10371 km 
^ = 6371 + 2000 = 8371 km 
fl=(r ma x + r min )/2 = 9371 km 


= 7261 m/ 


= 6371(10^-^/12321 
V / V9371(io 3 )V 8371 

= 7261 m/s L 26140 km/h 


= 5861 m/s L 21099 km/h v l^ 

, jlr = 3TVUY0.. = AAV1 km :L C-J jAj j*j #j* j' ^Uui <UUYo.. km ^uj ^ (b) 

.Jjl^ C—*Jj yj O jy& *j C *iaij C 

= 2^/? 2 f- - ^-1 = 2(9.825) [(6371) (l 0 3 )f f—- -)-^r 

[r 2a) /v /J (8871 18742 JlO 3 

= 47.353 (10 6 ) (m/s) 2 

v c = 6881 m/s L 24773 km/h ^y’r 

aJjU* jl cSj>- jl-Li ijjy (c) 

r- 24 = 2 ,>iC=«, 

*VF ( 637 lXl 0 2 V ^825 

L T = 2.507 h ^1^ 





Juas ot5o 

' mrr o 

(j_Jiu i^jb. w 1-0 (jIl&i }l (j-u%oA • —“— “ If u y\ km b c*J j-i\fi (j-i») h-utjiA gx-u/ , D o<-u/yu D-K (Jy/-a /I 

.jutjku* g - V/ko m/s 2 

zjj^o cj)b/jj ’l/M y cu/l /la &0/ ; ; if)yb jf vJj /a/y 6 if iImj> 1 jlfJ >,,ya /) 0 

«yui <Ulf6u yg// ;/ QfU} (Jjj ‘jritf (J)pA U) y) ly tylf&U y )y\) y\/S Ifuvl y) ’J/JW H) /I <tfiaiU k!W ,y 0 

•yyii itfiaila (^cfe# ;/ «a/‘fca liJ/a iiti ,) )jSjit-Lu)b i_U#a y) (jjLAy (jlyf) /jl y) /3U 0ya .<J>u// /ulu/ 















TAt J 51 - 




r-Y A • < 11 — JSLi 


OjJj JJl—o 

-ur fl ajijjaL. j j^-i—a jix. .jir-^ 

»- I . .n , S-. : AXj La C aJaaLt jj t X - 'S £^Sy>- jlX k_S\a j - 

iXil y\ji p* la Uejl^b ^ £ I jSji j •ijS' 

.JLaS' ^j*aca Ij a_Laab- **£J~ *1# jlX ^max ^laiajl 

/z max = ^mkm 



r-r A 1 <11— J£al 


X-^ Jp- ^ ^jlAa x*j- jl^U J-.J /I Y'-YAY 

J-Sj* 4—a (j-— j ^la jl <_» j_l» 4_^ Ij / jl—aj iXX O—O jl I j 
‘4—aj^Z jlj Ott" b -Ul>>- Xlj^- 

Jj^- aXjj ( J-i>ia ^J. aj . 1 jlX (_£a j3 CSj>- *—J jba jlaj ^_}J <-£a 
4—J JJ—^Jl« ^_sdaJ J 4^Jb»- ji -^-^J 

*-i ^J-iJi J 1 (--^ J?* j*-* i~*— 

.JLlS' 4jc>-l jA D-T 4 j jjS 


r/? ^ ojl y>l-» S* ji-U £U-i r-TVA 

Au j—* j g-U-i R jl ji 

tC—-1 V’/? £ j* jl Ol 4jL^li aS* 5 4 J njtj <t C.»$>- ^jV 

C— jl-L* jl ^l^kij o- ji jAop 



r-rYA<iLu^ JSLi 


km _ tuj\ jA ^Jai jiju ji ^UjiV'- tv^ 

La) J_jaj ^jj J, «Xi ja.^al jlX J3 J* d 4la»li .Jjb jljl T> • 
lSJJ j' '1-4J4 j3 j3 4—S' Ij (aXi aib jlX 

d = yoy • km ^1^- 



r-m <11 — jsli 


jlXaa a4 4 ] ratf ) ji Ij ajlj^L_a t_^a U j—» Y*— YA* 

La .a. 1 jlXaa (.^) i ( _5la_ r jlj jlj —a (l_i]l) XVL>- j3 

j-Zj* J 1 '-i J 1 - 1 -* (g) ‘ e = */' j 1 

j (^) 4(«_a) xVLj>- jj .Xjjf —aX jlx (j) J e = */^ 

• X_»l jlx ^jXXu- aial ji/4 i(j) 








C 



r-r A6 <ii— jsLi 


jiju jj a* • km ^ujji ji C j B «ji^ aU j> r-YAi 
yj^r Y • • • km • jlXI <i B o jIjaU ijJSLi ^Ur* .Xjlj jl^i jjju 
j-tyi l—< •*—C • ijl_y*L*» 4 —S" J L — aj jUJ .Cw>t C «jljAl« jl 
xl—i jXi^- Ay jljbu >»■!.« j_^]o x .JL*Z? »jlI jaU <j * jii 
>-£-j jl i j—i *-£ XL (Jyu x C jjJu> jlJU Oa j~* I* -LlL 
J jLjS ?X_iS Jjiyz B t jIjaIa Li tjlJL j3 JaIS OS y jj3 

.x£j J jyjl ^y j L (Jj—i-> jlX <LSy jJ C «jljAla aS X^ 



r-r a* <jx-* jsLi 

o* j— jiAli x-.jV V jlJU. X-YA-\ a 1 l_* Jj r-YAV 

Cyz*' jb>- jjX jlx j 3 C «jl y\* ,j\ji lj Ay 

JJ3 J3 jl Xaj <_SX JaL £ JJ3 jl ( _p«j X »jl jaU L jl 

• JLil (JUj'I j .. a ■. ; JL Jl>- jljl* jJ JaIS 
k-jlIjA- 


jl ^—, ^/^LS AO • • • ^U-jljL ^Ui J;U Y-YAr 

J?l .3j-£^y jl j— » «Xi • jb jLX ijjjl o jlX. jJ I jyj jl k-X Jl 

£j\ £t*-1 I-1 jb lS^—J A-; Jll-1 jlj-a t -S J_tl; j\j-i 

j3 xl_> jl j3 * —S A t <*jV jl*j ox Jj xj TY • km 

^j-. X lj ( Jjj~—> I 1 kX_J j * l(OMS) jlx_A JJ-jjA 

••^ jw" b J-aIa" C ^jl lxaJja I; xjS JaA’ Y* kN 
A t = rr/^ s y\y 



fj-*r a Jjl. la* (uljl _ l—j» jl (jl« jI^aL* Y-YA1 

jS\ .XjSy J-AA- kJjb jl j-i y\*-iaA>%A jjj3 j3 4_S lj 
J 3 tSjs--" ^ 'J&pt* I—J ijjy jil Ji Oj* 

it J—i » jIj jlx; iS jj hi l« » ilJJ J «JLij ils^jl lS> £ ^y C~c- J~» 

,_sLa4XjS ( _ r —>- .xS^ oS«1 ua*4 <j c-~J ^_/r 

‘ t r->b iSjyy '—! J “Xi {yjj yj\£ <1 4jl jaL. lsUjjJ y 

(Jjjy jll lyjj ^y) jJ ^ 3y Ojl 0-*i I j fy 

km ^i —a jl jj csbjjb jUa i-So j* • jIjaU _^i .j ji l~j 

OXa Xj ,ji-jlj tSjjj-l J XiU <Lib jly ^yj jJa-, jl Y • • 

D I—tSjj-J JUpI «jI^aIa J^-y jj3 \ • ^ _,j Y* • S 

tSjjs' C—X JU^I yjSjLS \ « • »jl jaU X aS Ij 

.xii^YN^r^i, 


r-r Af jsLi 


jlx>- lj .Xi .ib jlXj jIXaI j3 V b **fi CPj- r-YAO 
•J—»lj C * , lax jj jjX jlx ^ jjaUa U-jUai j*~A *S XjS ,j~*j 
Yjjj? jjXjl^Al j-~* ^1 Ij xlU jji— jU jjyb <LaU 
y B = ^^■\•■^km/h j^ = YAoAYkm ^ 1 ^ 


Ay= Y.Ykm/h 








jji j$ j-* ^NL Ij djlj*l* <S* tj!*J Ja?“ ji 

J—?**^ >->* ,/—* J- 5 lj jl ajIj^U ^jioj? Jaj 

.c—-I tijS jljji .ox. ^1 Ji aS l^j .J^y .JjkLL.fi" 

Aa!^>* Y7T +fi ajljjl <j OJ. j^jl jj .ajljjal. jj J*dlj ^pIO Ja>* 

j' j^j>: lSj 1 -^ b *' <Sj*^ ijts, ‘j y.y j -l^v? 

Ij X —X j X jtjjL* jS Jjalj>- ^j*? ajljjl T *jtji 

.x£ 

x'= y h ri min ro s } x'-x = i min i s ^i^ 


r-MY <il~. jsLi. 


Hj' J j A * • kg f j_^- -> ^ * :j > M T -YU 

(•9»b»v* .xS^ oSj» Jj-u jIju lSL jj J-.J i* • * km 

t J^—i tjjL-k* a —£jj^]oj jlx* Aj I j U-jUj 3 jljji 

Lj ■ .j..; jiJ—* 4 j JUjI .SjJi Y** • * kill jjl jt jl £l£»jl 

Y • • • N yy£** J—>\j iSjjt-i L-» A -du; ji jyy ^jj-i 

.J—dL l j_djj Jj 1—i jjS ja 4_S I j ^j)l t LjL.* j uJ. .3 ^LJl 



4_, yij-i. ji ^iji—i jij-. eSLj jj ^u-u* r-r<\r 

v-— Sju IjOl jj ^j!j jblj al&—.1 i_SL du -.jj .XS^ OS_^>- jjjd 
^LiJjl ^Ijb .jblj .l5o—,! ^ Ufc-L^LLd /I .ij_l^ 

y o • • km j jll v oy— j 11 ~ y o • km ^. ^ : . ^■>- 

t/j'—t* —') J lj b Lr'^ ‘P tS^.db d-p^ iddL 


rad/s ^ tfUyij op 
p = */*oy£ rad/s 


i . 4 ^jL>«^ Ij p . JL JJ I CwiJj 

.xiL^ (0 = •/VY^YO*’ 1 ) 



0-?*j <-! o~j ajij>L S* £j\ j jAd> ^[ijj T-yM 
ji Ij jlj —‘Pp ^jLdpdl ^U_d 4 S ,_ 5 l 4 jajlj .JdSL^ h a J Hp (_,jijj 
•id—al R ij-aj ajS rb_i .JjjjI 0-1 Jj .XS (l)bi O . oj _^a 

4—S c-.1 ^1.jlJj>l_4 .(oJjSdw) ^O^ja ejlyaL T-Y^O 

4_s J-dS^ (v-ftljj Ij OlSdl jj\ ^jijjj^ jlj^ Jj ji oSy- Op j~* 

■>s4^h> j gk ^'i/Lj ji C-jLj AkdJ i_^j ji ojlj^-A 

Ij o jIjaL-* Lj j jl OjV // <Lu?lj 

dj-^ tS l4 -idb J " J j-^ ^jJisOOa Ij ajl jaI_ 4 t^jl-U 
ajIjpLa I ji (^Ijl 4_| 4_s J jS lOj Ij jJa-1 ^JJ Jj ^Lilji?- 

.-LiL -Lo p..j,;,...« Ja>- jJ 

f/ = roA.> km j j6 = YiY/i° ^1^ 

>- ■ ■ al OiL jj-aj <^uil ^ji L Ij aL (_5jlJ-« i_jijj Y'-Y^’Y 

■OjLJ a—ilia L J aJjS 4 ^_aU« '?ji ^jjl jjJj j 


r-m jsLi 


IjOl Ja>- jJ bj-* V 1 ^ jlj«4 ji A ajljjal. r-Y^V 

fi ji’l-' -ijb jlj_j js:—i j jl Y - * • km aiualj ji 










£*Sj> 


jJ J ijjj-j\ - jL^ o^/jl—<w J jjjU jl aji C-Sy i S~p x ~* jjkla Aj b 

a—£ y -iy aja^ j\Ji < i j y C-A5 4 ^*~ - ' 3 <-^i aj j?- aJi£^ j*j i ^ eibii»jl ^JuLw* 

jJaI— i a_£ j*-— 5 Tj* b aJj! ( _j-*'^jI al£l»*i jl C.. - -»l OjLfr 4ijS^ jljif' ((C-jU# L yy) el£l~<i ,_£I ji jl yy 

j ; k i {^l$Al&_.^i jjI_*> i Ojj—^aijl ji .O—»*! aJL-1 (jl ..<all C-jIj jl^jll** 4 j j* jjb Aj *£ C.....jI ^1Ajjixa 

..Ai^b^yt L<a3 ji \Z*£y (_^ljli 4 ^.. <3 .4 OS”j>- JL?- ji (jj^j Aj A^ 

J 15 *j^-bl «—J^l Sljj»^A j - U i-~* “>L«b aJjI j _ J _4^jl oL^jO <j C... J j^j aj ^LaJI J@lii (_$L$jli*i 

4—a £ ji OjIS 4-U-ij^ Sjfizy*- •jji *->. jl-^» ji j^j j^y> *>Ll« -ij-i^ jlii ^ L^jT jl y* j ^k-. 

L-jji a—- ji Ij:—»-l ^5lj aLa >_& ji v-ili-L jJ j J-iL^ (•/• \^i"\ ft/sec 2 b) •/• * O^f m/s 2 jl jIjlL* j i y*y 
g L, a-j.UU Ji L^L-i Jjl aS c— I ^Ij .C—I (*/> \ ir ft/sec 2 b) »/.m m/s 2 jUi. ^Ijb c-U j^j aj c~~J 
us*j *-i L # 5 ^ 1 (^'^ , (*r^t/* cr^^* aS^I^a ji .Xi~A j^i - 5 (*-fr* J 

^SZj* (^Ua>- iaii C^U ^Tj* Jil«4 



(jUol^—i ji ^jkLJ Jbi jl <S iy^^y 
as^Sj jlj _’>y 4_U« g li*>L ..>; .tL eita 


yy**i £*S2> aJ^Ixo 

K$y y^> J^J m fy*r *—: A aji 4V-YT J 5 ^—i JjIIm 
J aS - AIJ £ jl ji Ai-jJ ijyi X-y-Z al^-i Aji jl eji j^l C^S y 


A-J^ Ouj Ji jLibl > ^Ijli X-K-Z ais^i A, 

.C-^l i^jlj^ X-Z-Z (jl* jy>xA ilJial l» JC-j'-z (^Iajj>» 4 iljiol 

V-V J 0-V (_gl^ . t . » y ji jlji l A—J>-jA el^l-i Aj C..; j OS’J>- 

AJai .c—I a B 4 Jc-j'-z al^iM-i 5 l-La 4 _jLJ; .jLi ja !y ^ 

^ J a rel ~ ®A/B =il A/B ■ L ! 1 J-^y X^-Z al^i Aa C^-J A 

Aki jiixa teJLal Y—A y>*J ji A S C-S ”y J^sl 4j A>-jj 




8a = flfl + 3rd 

•iyy yy SF = ma^ ^ji jjJU c^I^Uj 

SF = m(a fl + a rel ) (r-H) 

y*£J^> j»—>• J^IS - iljl A *_-y Jo—jj ZF Xj I fjjyj 4 JJ-*J«A jjs 

^Lj eji y yl\j ^\aj Ja43 A S Joy Aj iC -1 jL-^ 1 . X-Y-Z b X-y-Z 

■ EF*ma rd jj^- 4C .—..I (jiU^ jljjli*i i_^j ijj^ ji yy ^ji jjjU aS" c^jj^* 





^>Vb J**1 


Oil—i .iSoo xo jl eji ciO ^I&a X-YY'a JSLi j^lk- 

y y y a i5 j-S Ol a (j-^* — “ 4,3 ls* j' y aXaLL j j_^« X-Y-Z 

I a | I (J^ - ^ 1 j—> j_j—« JU^-t XF = tna (_gL—I aL-IJ j •ij—^ 

i / ! y~ma jl^S sji 01 lx— a£ yc* eLoo Jjj jl oji -6" X— YYIj 

I I x jj Ij _j Oj£- JL>- _p L_jjJ ®j^ x-y-z ol^z-o jj oj— oXaLL ijjta 

I / i / x-y-z ol£o-.i o1^»-A 4 j aS^ (_$ JsU tA?*x jj .x—j — Jab Jjl*j oJL- 

I 2)F I EF 

^ X o$ , > • — ma yjy oji a- aS^ y ^a>*x t <ui £ 4 _jL— 

(o) (6) jj^ xST JL*I SF jjL. J^ 

Y'-t'Y' j} J 0 J — Ajl jl Jat-<jj tXAJ^yA IJ tj+'jj Aj J 

.xo J jJlz* WiY' JL- y Traitf de dynamique aJIL 

y a_£ c——I ji _^jl—u a_£ ,_y—~j^jjl> XF — ma = 0 o j_j—» a- aJjL^< aS" o~-I ^IS - -laia tal^x s ^1 jj 

^ y*/ cSJje Jrt' •'^-~* 1 ' j*~° a S* ,/ 4 i j'j ^ Olj^ a- - ma aS - ^jj-a 

4 —; 1 j j aAj——« (_$J-XJ ••Sj-—^ Ai^Lb L>j JjL*S a- J^Lj aJ^L-* cJL- j yjl fjj 

.C—-I «J-i ^»y/j Aj ^-LjiI 

iSr-^. <-£ J- 9 ' Ji' L* 1 IJ^ 9 ' Sjj* j* 

ijS->\A sjL*JI(j^i i_C-aUjJ jJ ^ij^A J \Sji *£ j_i AjI jl ^Lj J-^»l ^jjl .C—I j£ j\Js ijy> I aLiS” ^jjl ji Jjb 

^j^-aLJjJ (^1—Ad-L- b A j j3 A—>jl*j j ,jijb jl (_$Ia1j>*^ aJ'-?* c^-JLj-I Jj-jsl I-Jls jJ 01 (*-fj _J 2Jj 

oJL- •-^• i ( _jA jl^3 CjL> - jy Lji ^^Jbu-I (^Lw I j ^^aL-J ol^Jji _J C-~-l J Jjy y 

Jj—A»l jl |*jl-b» ajlix«-l jJ (_$jL1jIj Jj~^l ji (jijj 0l y& Aj .ijSy j\ji Jlji-j Jjj^« j o*y Ajy iaJjIjw 

j t -^j J l5 ^—- a oULi>J j*J»\s>- JL- jj aS - J-i j-l jl y9ya>- Aj ^^ jl^5 u r'^*^ 3 JJ* Jr*** *i <-^yibLjl 

J'—’ jy& 01 J^L- ^jj^j| v j A 1 ->-a L ^^jjjj (_jLoJj^j uLji 

a_j _p*a° i -^—’jl X—Y i a (J^" 1 jds • i j~‘i^ a d" 19 ^ f y^j* y'Jj si bj Jl±-» Jaij Ltbl j j 

jj SF =m a„ oS^^ aJjL« j £jLO .xS^^ c*Sy- (O (^IajjI j c-c-^-- L» r ^LOi aj yUl m ^y- 

y JjL*: a-LjIj ^ L; .c— I Tsin0 = m r (O 2 a5" JUo^ OLD J$Ji b C_*_J y ^ _>■ jljl i,..., j tk _jL0 n alxul 

t x_bL o J—i JLaJI oji aj ^ry (jLj y £\ U .X ya^L* 9 jT o*V 4 TcosQ- mg = 0 y jlxul 

C iX-«——i Ji^* —m a yiy I i^jy ‘^IjaLj .Xi XaI^>- ObLj L jy^» ^jjl Aj C.--—J eji (_yr-“A JjLj 

L-aj y £j —«->*-« aS^ lyZy <?>yj ^ilS" ^1 jl ,o*-l 4_jL~i C-f^- jj m r0? ^jy JL^-I ^bx* aj iJ^Li 

•O-l JL5 A^i OLj> a^JI aS" rsin0-mrffl 2 =0 ^ jb yL-» n jlxul j j 






X 9 \ ^c£y r-\f 



(a) ( b) (c) 


r-rfjs£ 

jl ejLL^.1 y i-jbS' yiiy v y -bj'-b y. J' 5 b t/dj* X"' t£-%J yy ^ <J O' 

4 —^ -)* y <i\£\ j*—5r •s'jf 4 -»w./ b b cSjbr*- 4 £jy <j£j j oiL- IJ aJXw« Ja- l^j j .Cwl y-\ yjj 

*-*.j -k “H ^-fr-^r Oj-j? ^yy «-V^ J?y J>Jijf <Jjy £}^y> £jy y) ^ y ^y jj-^ y~» a 50 y SJ i 
J'—*#■' *y 4 —; (_ 5 -*^b j—^y j' jijfi £jy (??* •b~*^d AX*ib jLj JjL l*-i .C- w l wlw w$a- •—i^b- j £y j' Ojy 

c — T £jy y*\ <^y “b 4 ^ £y j' x/ £jy J~*y b b O' $yy £ j£\j <Jjy ^y^y* 

.iy>^» JU^f-l O' Aj ( J^ <aT j t-'LJs eji Ja*»jJ £ 

OjIj C^Cyj b ^yl£y> y£. 

c-jLJ c# j— i L; £—>-ja aS^ cJU- aj a>-jJ <.£ x*~* y b c. ; ..J *y c-S^^ £sy ji 

C-jL‘ Cp^ (^Ijb T-YY JSJi-K-y-Z .C—I C~*aI jJb- tC— I (^l&l) l _ r L^y y c£y <^l Jb 

.c~iy y.j b Ob^ b 'T-W aJpU^ liJ .X y>y a A = a re i »ji w-lii _> a B = 0 oji 


[ EF = marei | 


(r-tv) 


C~s-y L £ y£* ol&~o y iS ^jAa^jL^c^ *jy j* ify f y Ojjb a5 X>^^ U 4j Aiajlj ^1 

• v —*—«*' ^yy yy tyy 1 } oUax^ aj iX^T •-'-'j-0^ j*bOl c-j15 

|V-~pt j'j' AwjJ jj Oji ijlj y ijy y Ij J^L-SO (^IjJjUaS jb jly C~|li j £y~* el^wj 

.XXSO eiUwl k^yy) ^L* jy» Aj ^yy (^Ia jy jl jlil jl £yy £ ^jjl jj Jaj j£» ‘Cwb 

->b J T -— P ol^wi ji - *>iy? aJjUa j t5j^' - <bUj» jblP'l J1 j (_gjl y» Jljw jJ JU- 

*jI—> l5'-*jx** b t —~:•••■ ' ^b = ^b '^— s, y b V”— YY c5'-* v )_pv» ejbjJ ^ L y , jy. awIj C-p * L £y*-** 

T-Yo JSL.i jp c5b;L_j; a_j o j-i^ x*^> r re i L aS' tSlAjj^ aj O--0 A «ji --^y OS’X-K-Z 


a B — 0 djy l—«l . dU n i — SF • dr n \ :L Cwl ^jI^j x-y-z c$Ia jy* aj c ..... j JF «xi jl5^ .Cwl «xi e^b jLij 
tia^JI Lf -^* c~£y X-o ^/^j jp a_S" a,ds = vdv aIsjIj aj yy L juw . £F = m a A = m a re i i^jb t Cwl 
ijb Ajuj Ji .Cwl jl^i^j J^A a re | • rfr re] = V re! • d V re ] aIijIj t JLi 






dU ni = m a re! • dr n \ = mv nl dv^ = rfl -mt)„ 


Z 2 / 

| ] Xrel 


J 0 =^ ^lel -~" lt, rel °JJ-* 


\dU rcl = dT n] I L U/ rel = AT rel (T-tA) 


AJib— 4.5OjU Opj— L i_£^ pO el^l—a Aj Q - ...j A^ pj* ji a£ XAJ^y* Jji aJaiIj 

.c-l O-jJ tfjji I. jtf 

:L o-l jAj, dt Ot» j ox* ji »j'i j> jlj aj^—> 4 x-y-z j_p— <* o ; J 

£Fd/ = ma A dt = m a rd dt 

’•jt \^ -C—' "J a rei dt — m d\ tt \ = rf(/nv rel ) 1.1 

XFcfr = </(m v re i) 

4_lajlj L. o 4_J 1*-*^"^ G re i = mv rel Ojj_—» i-j x-y-z ^Ljkj_pw* o O.—) lj «ji cr-^- X 4 

jdt y p ; ■•■ « ■ * b .XAi^y* SFcfr = rfGrel 

2F = 0^1 j jEF ( *=AG rer (T-H) 


Aj O.,...) *S ^>La^JL>X— 5>j Jjt ji o J--*' 1 '' j*-* iXO^j Ojb el^OJ vJXj jO jO— _p — 4jj-0 oVib— Aj>tO jJ 

.0—1 O—jJ ^l>ul OjIj Op j~» b Jli—I ol^L— i 

p , ;', 4 y> Ojj~ 4 > Aj 4 B lx— ^Jaj 4 X-y-Z ol&— i ji aJi 4 j <Jy- «ji ijy—' lSWjLJ (*■"■*>* ‘^*i^ 

: pJ lj <jb*j j' ^ = r re] xG re , 4 Aj*oJ ji ^ij ~ LS r-d, 

H flrd =r Itl xG iel + r re] xG rel 

y *£ o-ijJ r re) x £F = SMb o jj—* aj pa aL»j»- j o— J v re i x m v re i = 0 j>- ^ Jjl aJL*j>- 

J j .xXL^ m j ijlj <^Uj jJ, a-a £»l j 


L j\j i jS> ol^l— 2 ji 4(_$lAjjlj y> _ aJo*Ij aS” XAJ^y* jlO aS’ 





r?r r-u^ 


<-£ JiT ,, Jajt jj J j 0—o ji OjU l» ^U&l ji ^Z*»y> — *Jj~& j (_$jjjl — j Jajljj £ 

:4j>wj ji Ojliz* i_S" ^->w« ol^LwO j j jJsbu Jajljj L w-jLj el^i»o ji n ,»>< j ^JLj_>- ^j^j! ^^>Lj 


(rft/ = IF • rfr A )* (rft/ rel = IF • rfr rel ) 


(G = mv A )*(G reI =mv„) 

<J1~Sj?- OuIj O^P^ L aS* jlji jS* oli^U-O Ij j+j oVbljca jLlpI cY*— 0 * Ij V— i V oN^Ijc* 

O-^ Jb tO*P J .*» Aj Aj Aj TiF =/W 8 aJsjIj aS* d ..«■* 3 IJ l jl Ij £tj La ^1 La . Jb JbLwj dbLu! Aj 


—-■> A* C~J L j J^-b j^ Jiljlj aS’ ^jljJ ->_^J cT^bjl aS' Ij A >0 ^jI ^IjJ^ya jOi^A .pjjjl 

J—* jl J^L>- 0>Lli .J— '£ 0 IJ jika OP j— j ^Jjdj ^L>dl ^J^ ol$Oo) Ofli Op L> jIj^ ^p £>■ ^ 

.o^xl jLX, j-u el^i^o ^ j* jSJl&i cP.Ujf 




T-TA 4.11.. 



<1 jlj-j_>f jl— >jj j\ *£ r Jjls <j j m o (jlejL- &j\ 

jl 0 = 0 c-*j_^ 4 jl jS*! .xiL^ a„ o»li L# ibl <_jLl£ <_$!jb JSLi j^Ux* 

j (_$l4_lx>l j 0 jl J—<L* j—* <_$! jl *—> ilj—J: La j j£| j <j C->. —i jj£~x CJU- 
(_jljl 4 _j ^^—Jb^A.J—Jjjl C—x_b jl e-bjl-i^j C^w< <JL* j2 2y>■ yt T ^jUT 
ijiu ij 0= » jG=nn 


lj—x4 4 j I j <S y*x» x-y u U:> n t 4 cJ x (_gl ji :Ja- 

/ Ol #1^1__xj jl 0^1 d. t ...xl J' xX' x tjliljl JU- 4.1. .xj £il_) 0 

\ 0 .P 'xKJ tJ — A —! c#*^ 9 Oi 1 -P t J n J 

\ 

4-j m c-.li—i >( *j jb Ij ^U^b yy^Sy~x-y 4>^ 


b 1 ^y* j r & y}y b n iJj -*j£^ Jy ijy ‘^4-j jb- x^ ^ Cw '* a «i 

.jjlo-i-x <ob jUL> (_jl4Jl^l.L>. (^Loj ji m ^_yr <—>b*i 4jtJ y 4ux .Jc&^y ^jS ojlJbl rO y\y 

J JUpI t (^l^-lj ji Ij jjjjJ fj* jjjlS IJil 

[£F, =ma,] mgcosO = m(rO-a 0 sin 0 ) O 

rO = g cosO + a 0 sin0 

.-bl^ C~x<X 0 jl Cj jy*e 4j 0 ^Jlj&j! L 

|<9 rf0 = Ode] JJ 0 rf0 = jj-fe cos0 + a 0 sin 0^0 

0 2 1 

— = — L? sin0 +a o (l-cos0)] 

2 r 

*~ * ■••'I j->)y J—l^ 14 ^b—i « 4_i)y j*—jjb 4 -?ry j JLxfcC-l n —^*1 j ji b tj-’y? {J* bjjl—* J^ 9- 

. r0 2 -a 0 cos0 :L 

[ZF n =ma n \ T-mg sin 6= m(r9 2 -a o cos0)=m[2^sin0 + 2a 0 (l - cos0)-a 0 cos0] ® 

r = /n[3gsin0 +a o (2-3cos0)] c-iIja- 


:j*ijb 0 = a j 0 = n/Y <jljl <u 


T,/ 2 =m[3g(l)+a 0 (2-0)]=m(3 5 + 2a 0 ) 
7; =m[3 5 (0)+a 0 (2-3[-l])]=5ma 0 









Juix Ol5o 

® /'I (SsifClI/^l k 9 ^ku* Q 2 <-r MMi H >9* “k/b b T l)99 4* « H ( $l9wl y <0 -bp/un *J)bu ,) I//J i^/Uujl l y t (jCw/l, 1/9/1 Q 

•mJ (S> oui i/j 

.^uujfji 0 dO = 0 dd <th/b </ o dv ■ flf *£y <fa// y , jl P ^ ^ujs o dP/uu/O Q 



* = 0 

MH 



T-T^ Aj^oJ AJLLmmo 

i ^ L f t OS’ ’j9~ V 0 Ouli Opj-i L; jLijj ^l_j 
.SS JU-pI Ox>-jS 4 jIjI 4j JjIS" la— jJ Ij P OjIj ^-OS - 4 jl ^ o-UL 

<jbljl jc = o 0 ~_p j^lj 4-; O—.1 j_j£— cJU- jl j t jjj w ^^>- 

= -X> = b< —la>J jl aSUU- ji SXS OS'^ytsl ^la— (_$jj jj 
jl <Jjl :■>—O S ’ JLfcpI 4 j! jl i jja ji I j jjl _ J6 <J jLc* tcJU- ji j * .0—1 

‘f J' 5 J o—l OS’ y>- JU- Ji a1w.j <0 J-al* ,/• sl&—J L aS <_$jJaU Oj 
jL-U L> *-^}j O-ri 1 ^j'- 5 j'y jrr'j lSjj y.^iS J-o j' 

.JLaj 


•o—I o/* -la-y fk>»' jlS <_5 jj j, ^flj *j o—J : Jp- 

^*1 = J* Air = Px OjU P^ 

o' o—l OjLp <o o~~S l>s Or 

=|4* ! -o) 

tti - j>c* Ojj jl 

[t/ rel = A T ni ] 

•0—1 4 jO>- jj—j cSjj Jo\j JjJ jl P Ja —y oJLi ^l>«jl 
U =j* PdX =P(X-b) 

"0—1 j>\j> ^j—j cSjj jl eOi ,_$ojlipXjl ^jOlp- (5j^1 i: 

AT = i m (x 2 -« 0 j 

O?* 5 !' " A i' 3 j' <-£j^' - ^■il^ 


Px =—mx 2 
2 


[C/=AP] P(X-6)=lm(x 2 -u 0 2 ) 

f^' 'j oij Lpi^M" “-f^*0 j' j <ljbw ^jl JsLjjl jUuI Jjla— 4J 

X = x 0 + x J X=o 0 +jc J X = Jc 


O 


0 





P(X-b) = Px + P(x 0 -b) = Px + mx(xo -b) 

= Px + mxVot = Px + m Dq x 

X 2 - Vq = (t>o + x 2 + 2v 0 x - Vq )= x 2 + 2v 0 x j 

o j' J*- 

„ • 1 -2 

Px + mVo x= ~ mx +mUox 

*-hj \j ji {j~> *£ -f«*x»l o—-X» i Sj>£a ’>LS _j P* = — mx 2 l»j—> 

.0-1 j>J Oj^o <j ,jjj\ _ jlS" 

U-U K \ = T-T n \ = mvox 


Jua« O(5o 

.iZmiI X <)/Jj ojl/ll /ll?(j> <^J/o <Jt& /> /BO / (jdjU if! 0 

,/utbfjO —mv a (Ji <ulfl (juuii (Jj/ll (JjJ/jJjj .LlMtil l)„ ,ishi Hjjfl iZAfiyju i(J^o) (J? y /BO otf/J) )l 0 

■/ju i^j/uidiela 0 iZMul /j\/j 4/1,1 X' — b (jtJuo /u» ,/uibfjO X“XOX—°)l <^J/o (jU) /JjLi t /Lu 

.Xt = X (JUJ «tl*u il /jj/j CS&/JV /u» 0 t(jU) ,) Ca(B t rJ/ilhfilA of jklf }! (^uAAA . X„ — b ~ t 


U t (jU; ,, or v a O 


© 



TPV jst— 


J* I - Cw .1 jljji Jb- ji *jIjI ® 0 = Y rad/s 

r. G«,. G ^l,< ,:.»£ 0 = o ^Iji o . xiL m = r kg 

4—! £-—J (j-i-^l ^ J Ho t 7rel ‘ 

jl ^IjLj < la< j 0 *JA4 j .JjjjI C... j J U Ij JLili ( jj JC-j* 

■C—'I «-Li Jj.la’.j B <kli <la>J ji 4% C...J oljl 

G = <\i kg-m/s j Grd = ri kg-m/s *_>!y 

r= wo j j T n i = \/oj 

H 0 = -l/d k kg-m 2 /s -N/ok kg-m 2 /s 



r-r-Y<u—jsLi 


C.*-S 'j>* JL_>- j$ C^jIj C*S> Ij jjI**j!j> jIj V’—V* A 

CJI-• J> j' o-i Y Mg (y 4j OJr (^LwIj* Sj j C—I 

i jL>w jj-j j* oJ ....z£ ^\jji u&» aL^jj «4J^p (Sjj j* VQ HI 

Y t • km/h <*!*£■ j-+m Lj Ij a * 0 ^ d*£jij> jS I 

cSj jr-^ jj-' J ^ 

tJL_Jilj YY kN C^jI j jljli* ^il ^j jj jj C**P j** 

j j— j j* <-J jl ^ V 0 jGl—i J jk> a£ \j P C^Ij j*> 



JjLyyuO 

^JLdjJu JJL*x 

4—j i JiS j>- Jl>- ji *\• km/h <!+£> j+m Ij T—V * 0 

fj-?r *-> J— Jl—^g ji ^ 0 

^■j— J *J—-t/* 4i,i (J-* (j-k/ s—** t 5 >-* *i ' * ' kg 
j^l s—* Ij i = Y’ rn/s aJ jl 

Lji >jU <MJ J jbl jJ ^iS" (_^JJ IJ Jt = Y m 4.1 .Jglj 

tr^ij 3 C5^ J (ij-^ ,>rf f*k s-ij-* li >* i 



r-r-6 <ii—jsLi 


ia» tjljil <» k OjIj Ij t£jj \ Y’ - ^'"V 
Ij j— P? 4_j \S J-L j.. j bbj J o-Li jJLi 

JL>- ji Ij I>l <Pj 4 ^iJ .JJ^ Jjggju ttly fy>r 4j k-jL5 4j 


.C. - »jI jj o 





r-r*A<jLi^ js^ 


tJjLjUtf (3^4 s}I <3^ 4j JC-^ (j£t*jj>fc4 4^ ^l4jljl V 
(jL-»jj%-^ c^Sj>~ kiw*lj ki-^-wn 4 j u — Y m/s L 

^l4_jjlj C-Pj— Lj / = */0m Jjjg 4_i t/ SL— 4-L* t jl L 





J_ jS /j_..—J iiiJi *— kjyt (^jjjj L^>- y) J*y jiSI.L»- L 

Olio- 4 _j JjjaLS t# iS jl { JyAy Op jJ Oii_}JO Lrljj aS 
jj~*l_S 4 — ) c—*~J ?J^|o- L a£J L _j x~»jy 

<>* ^-Ar ^ 

Drei = Y/H m/s 4_-»l^=r 



r-r ii olu— jsLi 


aJLL a_j o_~j IjoI jj nt ^yr *• _ i <Sy~i Y"—Y^Y 

>oLJ c^s-j—* ^Ijb a _lUj j ojIi_oI j jSL^ cJL- -o Sy-cj* 

j\ j OS OS y y-ty ^u* <SJ u ^ 

-^JAer* cr^y V f'->* fb' J 4j A cSy <i %jy A <ki; 

4 _llij 4_j y**"y ^ V ij X .aj jJ A^jl Ij 

^cri^ 1 y~i ^y & O-L. Ji -»J<y X = v 
J A A -- ^ Ji>. F ^ iSjy <SJ ‘-r’^ J 

(j\+s£j>~ ^1 j~> lj jJt I — jLS^ o'Vil*-* .xS^* ^L>xj1 4 JLL 
.JLAi ^ j£> I j muV j JL^o^u j j Jjlia^ 



r~rir <11^ jsLi 


4-j k aj u£ j<3 M j*^>* Y*—Y^Y* 

^^_^j-LJ uS*L-SUa^?l 1— ) JJil iljlul J C~J aJLi k-^li 

jjj-j jL~ 9 x = x 0 ji 4 —S^ ji *zSj>- ojj* 

4_i ^1 .JXL -~jb -*» viJl>- j e->l5 tJLiL ^$jZmS 

Op j » * —S"l Jj>* 4 ^ j * J1—4 pI fl 0 oLJ iw^Lo-i k— j \—5 
• J A' JiA >J ^ -^max = (U rcl ) M 

("«iL =a 0 ^mfk y\y 


v^LJ L^ a-S- ^r/ «-SA Y'-r*^ 

y/jLSl>'> vU^lS - ^ U = n km/h 

A C—O y ji *£ cJ -^jjiy B c —*jja aj A c—*i ja jl 
j <0 ^ aj iC—-I jA j j <yrA ^ 

a —1 ( _A P y“ Y® ni c~»l—• ( _ J 1» jl 1 jl-ijliJi \iSy <S<j L 

L. tjjj J; x£ iJlS y Jkj L !j~y j v = Y i km/h 

^j ^.■ > ajl«Gl .i yi f y t—A3^la i 1 L._^t ajlJjl jL«Jb 

y ^1 Lf -1> y Ij y£ J CJj-tlS' y, F 


r-r- *\ ail— jsLi, 


0^.3 JjL***-o 

A_j jjLwl j_A jLJ u&> jJ aJiiS" 1 ^iljjj jj jy Y’-Y’\ * 

A— 1 IjjT J jAiy I j i-Ab-i v Mg ^y Aj c> ^LfcjjIjA 

t_> jLi .J_il u~-tt ‘jbA_jjlj JJL ji \ • • IT1 cit—• 

j—- j^l .C—-I OS ’y JL>- y Vc = M rn/S OjU Of-^ r - 

i$Jjy <J’ — Sb ^ * m/S 1 _^*jI_j-J>> — -*\^~y C..( >- ^j\ Jjlla* 

y j a J—uS k_jl_j^j jyjy ia ■ * y JjL aS F 

^tO*4*l jfcLO* ilyj i L«*u!^A 



j jj-.L_s ( _,_^s .si_s^A.1 yJiy> r-r\\ 

y—>\y> .X - fi k = ./V j ft, = ./A j4y A^ijoo, 

•/^ ajLj>- ^ tla .a J jjj'L-S ( _ # SLo~" <-SISUa-a»l 

c—»l cS^Jl^^lcra/s o r L AS j^is /1.0-1 











4_lii 


(_g j j j-i l< A - XyAJ ► Y’-Y’Y • 

L; yJa a £ 4_S -XS^y C—S' y- ^Ij C-»— 4j eSjl-^i**’ - jS" 

.-- -- I xSy>- JU- jj j x—lj x » - « <j V = ty, iX;U c^t- j~* 

V A aJ—jyil Jik. 4XPy- -jlXl J-" 1 l . 

-J_ iy*} *£ JUS j J C 4Li j' JfA" j J b 

lj <JjU> Uj «j? *j C.-.i <Jjl 4 Xp y- <j_jX B *iaL jl 

ytU jlj_lP <—< |^-A j «j£ *—; C.,;, -i C-jU yl»U (jl <> p* 

I j aJojI j ja ^jL? jl—- j Jl— *pI l y—-j (£jj j —* 


u A = |oJ + Y g l sin0 + Yt) 0 cosB^g l sin 6 ] T 


jj->y* 4_Jli 4_S ^yll—a- 4 «aI;— “jl Oj£~* cJU- <i ^j>c* 

a j—S ^ j—j ,xi\j -Lf » u c«jli 4XPy— j 6 4—-— cjljli 

^Ijl j -Aj*J (XSy>- 4 j £j y— A 4. 1aa . 't jl j XS C-S j>- yl«jy— 

B 4_lai <i (jX— j ^l^lA jA 4$Xl lj Xljil^y- Jl^Py— 4j ^Ijl 

(XPJ— 4S ^yl*j XX jA .AA V r Jli 4; C...i y— 

F Ja-jl- ,>il j^ lSj lij ^ 1 J« v'li-i' j ^ili (jii'jil j-i 
lj i^jjil - jlS o^/aI*-- .xS^y- aL>*jI I j Jli j JLLgJLiS l y~> 
X —4 jl; B j A Jali jj— ‘ j—i ^y—> J jU 1 * (^IaXS y- (_jljJ 

j I- kg y—4 fy-Af /I -J-XA I j muu JUj^ (_sli*4 j 

JLjjjPrei Jlj_j (XiL flsl'°ji»l'm l Ks'A Hl/S 
4_)li *—> C ~—j (Jj XP j— - 4S (jJL- jA I j j—J Ja—jj «Xi 



r-rr • jslj, 

jl y ^yLjlj«r ^^_p jA (^l»ji 4^-1^!* ► YT—T'Y \ 

*l=—i (X-^^y -L j*— 0-r*j £)*—' 4 —! ^■■:.’ <jj£~» xJU- 

5rel <—'iLr jl ^y-lj tfi —' ; j' *ib* tSj*^» 

J_yj yi - y. X- 4; -oaLt jl ^ g Jl L* 

X—.JU Y j(OiR I g (-—-4- y jW^lj Srel tS'ji 

XPj—. ft) j JSLX. jy-S • j ^U—i F (jl jA 4_S x jji 

y_li jA (Xil— j 4 _S x—l ^yJai jy^a J y X;U ^lAijlj 
Xl.JXi JUJI jyj AaX-y-Z 4^-/) ij^^ 4li/ 

4 _> ■' ■■ «ji 4 _£j«IaU ^ j iXXS^y* (jljjA 4^hj jA j 

r-n 4 JaI* 4 jl o\y^ -xiU XPy- (^IjlAX-y-z t^Ujj^ 
L-; Jjl 4 —Ljt jA jl 41 —ijZ (i'ji -Jcoilixl 

(.XlS -aU—< 1 *j-Xj# cSl4l«^- X>- 


5 re ,=5-^ T cos T y^-—j + - 
= VAY(j--/*rrAYcos T y m/s 2 


r-n a jsLi 

jjj_xu (—«_s jl /I^ 4 _uu jA 4 _s ^jj ► r-n ^ 

XPy—< .Aj—i^y- I 4j (jl 4j X— J (jj^-x xJla- jl (AjIa jlyi 

lj hy ^LiJjl .Xitli^y V 0 ylj; -•—* jj J* j j—jl—I 

Xil—j V 0 £\ (—4—!l) .XlS jj—aj jj j X'i/U- jA jl ^j— 

4-J jj 4-(U-i 44-4j_j ^y-l*j 4L>J jA yfl ( 4 -.) j Xilj 
6 Ajj-P-yJ jA (X-jl_( 4_— Jj*P .j ilj (l — g H jj—jl—I 

.xil;^ 

( 4 JJI) j ( 4 - 4 ) /It = e T hs 4_4lyr 



r-ni jsa 





r-rrr <ii—jsLi 



r-rr i <i^- jo 


jj jo jj .j-t .Ab ouj 5 jjus ► r-rrr 

jlJ—• ja (>-») j jjJ-* (‘-i-JI) cJLs- ja 

iJ—JiL (JjIjl-* C~*i_y« P ijl ji *S tjjjiyi 

»J-1A5 jt • - > i J£-i CmiI j < jA »Xi jb jLaj .JjloJLi 

.Ajb jl Ji jl-U jA JC JJ 9 ** W $ ji 4^ Cw.1 (_gLaj 

jA jl ,_f —i» jA ^ •** Ai t /* tj ( _ f *bb»jl ‘Jjbl (JbjjjLai 

JL*^I F f m >-£>-jS - jt jcilx»l 

cJI .»* ja jl ^_Sv_ j j _* ji F — nix *ioj\j _l*aa 

J_9»b jj jc <—»- ji tC.. ,.«»l jil_V*? b (3 aL<» j_^Ju 

£_jl Jol—£j j tJlLi *S x?£ .iij£ \j* »-L>w* 

*—l C~-~ i jl C-Pj— t&jjbj cAjb jIJi y sL^a>- j 

J-J I^b-w* JC j t (_jl— *jy>xA *S X^S A*ry ••^y‘ jbj 
■C-wl T ^Jpb-i aI.U*I Aj^P 0 Jj?*A J »iy j;...—« 




J+a3 o 


—*JUa^ A T -.j—i aib la . ..i a ji iS Lr ..- .a <0>«— jJ Jj‘L— J>- (_*—!—I cT'JJ ^ J“^ j- 3 

JJ_1? A— ) Jjijj A— ^jjl .(_£jjj AjL 1J J —J —? ^L-P-l i^LaLo A*JllaA eJ_JI— j cjb ( J.Ss... tJ lj c_SLaLo 


Cy9£* J 1 f&-Jub*uo ^ 

jl a-S - ^Iao j L jl£j Lfll jl j Iaj jj iajljj lj £F = ma jjJjJ (*j J j_pl* I J 2 »l 

A_i -bl_) A—S - ^IftJjL AjlS - i£ >- iljf A. w j l> J I -—S O^Jp- £jj ( __ r jaf>«-— i jja ji Y 

^pl —~a (_glj _i r-6 j n-t . x-y ol jl s jLc—.1 1— I j ^jl —j j jj^Uj^" ^JJL— I y^j* J— ^^apwJLA tJJ j— ejjjl 
•|*^ftJ ^J^Lp-aj j jy> Lis ji oSJp- ,_pLw» ^1 /?-0 -0 j r-6 -z i x-y-z o l.ja~.- aO j a >Ju& ji o^ j>- 

— j\S oVblxo—T 

<£jj->\ j jl—? I oNjLa aj C..-...J XF = ma o£I—I Abl*.* jl Jl^&jl L a£oI ^ji 

-L-'jj Aii ^ ^bul J& Aj t£*S j>- jl i^Ia^jJ ji Ij J aJj! $SPj— tJjXi l_~— oVjIaa ^jjl O—Jl) 

j iS L^- aVI ^j— i jl J-—JLj <Jjy\ °^y$y. j* b el^Xa jjjl L .|*-ftJ JaLl j\ taOi >—|0 ~— aj j jl j 

ji«}ty ** 0~^ P •(» J . J| ' J| J*y 4 ^—>> J ^ a ~~‘. >jy ‘i y. £y j' (»-* 

f—*^LI Jjlj^ ^La L j e^l^laMal jl (^U t£jy\ <—*^AjI v j s ^- ji .C —-I ^jjl p (^LaO _^jljj —:£ ^ 


^Jao^jo _ 4j jaj3 CjVoLu) _r 

J olj-i Ol-Aj A_J c«-; P l5j'-~a ^ (*d J ^ L#~d^jp ifT^ 'j 0^^ fJ j J_P^ ‘® 

_J *-13J$ Jljl_Aj A— } O--J Ja_»l JJ jj—jl jl lj*> —J-aIj^jA (1)Lj Aj C~-~j ^ A y > <—a| p Jjl*A 4 j_jbJL^ 


jl ^yftjl —j Lftj^P l^l jJ aS' pjijj j IS" Aj OS"y- jl ^IftAA^ jJ I 


Cjv^Aj» J Ajj^i OViltA 


U-' 1 -^JJ- 4 J j j J cr-^ - 1$^ 3ajl_^i A^ j*jjb jly Jji^l lj J^lji ^ Jajljj jbj 

<iJ_^ 

J'j^ jij ^jy^ *i 'j «JdJ ^UA^Aj jj ^L-l ^p-jj a— J J^ai ^LL jj 

.0—1 tw—LA olji jJ (*^b- Jajljj A *—y J Ja~o ji jOajji _ Aj^i aS - (*j^ Ap-jJ _\ 

0>«j aji OS'^—a Aj ^>yy ^y>\y>- *S XAi^ «jL»-l ^ji OjjlS jl ^-JL z ~~» o^liol *S ^ji£ Ajap-*^ _Y 

<S'£j» c5^J ji> y\ 

Jl—*^-1 tjliol JU- ji y ol£oo aj O^J oji O S j>- aj jl y^f* I j ^ LaI ^_yjj a— y> *£ “> -Y” 

jljOp A —i .ijb J jl t5LjUo— ejl— >ji ^ji ^pJb Aj a ji bO- J^L— yj\ O-A »y> Jj>- A^ 0—1 £W>1_J 

^<J jj « ^g l 4 —) tJL_Jj -L_1 aI^>- o5w»/0J Aa*I^I ji 4^ J 0>1 j3 4ju*j^ U... > iAjwjlia 

•• A ~ 3 ^ jly ty^jy. ^ J-^ 3 j 3 ^ -^jb aji bo— 




rvr jsl- 


R Ji >Lo iSJji- 1 •Arfl—*i *J J jLj v 

■ <Lubxj Ij Aj—Ajlj t—jlj al^OOJ 1 

T=YM N jP = \*V\N j/? = YY* N ^\yr 



^lo j3*5 JjImwO 


L, o-l jj£- JU- ji A ja *S ^ l4*i,x*» T-WT 

.XjS^j» jljO—i jda—— Lj Qo,.i 4 j l_So 

jj jl-O—i —- j ^ ^^SLo— c£l£k-»l yj^ 

o*^- *-Lil ./YY ^ C fc B jl J */r. ^ B t A *UU 

—bjjl O—A; C J B kUj jA Ij 4j>«ijX—» 
t> B = Y/AV m/s j t>c = VflYT m/s ^1 y* 


r-rra <lo. jso 



JJ-1» 4_j lwO*l j aU— 1.1 jA Ij ffl ^j3? <J j^I.jA J «Xi 

j-^’ *< L> <5 ‘J^i ij-ij J 5 '- 1 *- •" u -y L f* ^j*! 

^Ja— j»- 4 j .iyLj ^ki ^j~—a L »jA 4 ^ -UST 

jl cS’l^k^sl yj <<r tf J 0—1 

.0—1 i»S’l5k-sl jjX ^k— 4 JL fX k 


r-rrr <jo- jsls, 

<- 4 * t sjj j~r^ uSKkk l i 4 «> r-ru 

B 4_jjlj .Aj_*li 4 jIaI jl (jtJli i_jlj jA 0J— 4>.*j jjJU (_jlOklj 
‘v_jl_S 4j 4^ J^S l j* rS *j ^aj\jJi jA Ij 4J^k jl^C—l O—<J ja 









TYf 


• a X>cr- Jj-» 1 J j J * J / Xfc* 

( _^_1» ^^-ijAJ Ojj_s<» a_j Ij eXO »aIa oLO J—^>ty 
.JuS Ij -d j£ V <Jjt Op j~> 

V = VY • m/s ^\yr 



r-rrA <00*. jsla 

j w • jj jiji ju jIj-juj »jLor-rr- 

4 _J JU_Jijj>- L_J jl Olijl* 4Ju>li .Xi «Xa YAA1 

Jl. _ ••jy*- j jjj*j jJoli *■ .t. /i’ i 

ol^_il jl .XjjjI OkJU x_J1j^s“ jl Ij ojl : —■.«* jj-jl <-JLoli 
.JxS ^iaiioljLx 


jjj a_» jl jix<* *s ij ^Lv-jLJjj Ua o~p r-rrv 

4_S” J L _ C S~ J...... H7 4-; A 4Jaii jA itO~<l ‘(jj'j 

<? j» jl .jl—Mj V • • km j-> I B ^jl 4,. ladi j-LLjl 

?c—l J^>- 



jj (j'LsUa-^i l, r kg ^ o ^i-oiji r-rr^ 

P (Jjjs-j -XS^y O^Ja- ML i—i Jo 4j \ 0° jlJL—i £vk~» aIx*I 

(Aj_i^^4 Jl «pl 4jljl 4 jJIj Y OX _)A 4jl^lX»- <Jj-A _)A jA 

«aIa jl_w ijUj L_.>- »l^OA 4^ j^IuXa 

j oJj-S’ IJ_jj t l_. — ~p- j—i P iJ,\j> -C-J oXi 




r-m <n— jsla 


Iaj A ji 0oils- jl Joji* 1 ® ij^* 1 Y'-Y'YA 

b i jA .Aj/J^ J i l-^*l jA J «Xi 

gjjLi 4jjlj Ij (_£_jL«*4 jj*"I oJIa- ja 4jL* L-.- X 4^ ^Ia- ja < 

oJLa- *—> LxaIj 4_Lj (J —Q ( _ j Xj (Jjl cJL>- ja 4JL* 

4^1^- .AA^^y jl^j" IaXw. ^b.Uji J oXljA |JO 

jl j^-fP 4_la>J jA «Op j— - iA j— t ^lali (J”l$lk^»l jl 

,yl_*pl JiU lTLSO^I /I ?C—I jXiAp B' L B 0^*5^. 
?C—-Ma^ ,/o «xi Jo 4j Sj ^. 'OpLI 
^ y . J O <OPj—-« j$* ioJL>- ^l-l^ ja ((O—I co <—t^I 



(a) (6) 

r-rr a <ii— jso 


Lj .. - * i_£_j (_$jj j—< 4S" (_S^L ja (_5_^»<< 4j Y’-Y’YA 

iXjjb jlj-i (j_>^—- (OJLa- 4j */0 (_S'L$Ua_8»l 

A l5j—JL jl 4 _JjJl^ .aj—l^J_ 0 "V* g *—> 







*-> P it jL* j J3 jljjJ O *Ja£ J_p- 

iS\ —£k-»l i_— >jJ> ?jj j-^if j-~“ — 1 */® kg 

fl s = • /A *J jJ j oji ^ 

r= T/-TS 



r-rri jsLt 


a_s jJU- -co- iS—> oj £ juJl> op- ^jLcJl j T-Tl' 

J\ .sxS^ .jUo-I jl J£_i J,Lk. i^$£S i' 
v = o m/s oU opj _- <->x = ' Y m o-oji jLcJlj 


.JxS Ij jj T Jo lo ‘X*jj 



r-r f • <j^— jsLii 


;J —jij Ojj—» 4 j Jj—jjl V"— 

<-£-i lSjj j-< 0 A * * kg y£jy 

^ jZ-Ss^yS jj! <j j -US'C-i*J ojl j^4-A 

c£^^4 ^o ji c—.ij— iSL o ji W" kg ifl J~* 

i <^* W^.rr ■ u -* j ‘‘■^ yy #x ;ij isjy-y. j' 

' 0 m 1 ^ j* -*-«u j~, J~*j\ j 

J*'- 5 ’ j-V L-tji'B Jjr*y J * J jy- j*" 

j J L 5dW- ; (jUo-Oj* zjy^iS s* r ' m 

•/<* cf £o- jriSOa^l /1.0-1 «jLi <ob jlL, JSLi 

b cr 1 '^' yy 4^j>1 jl A ^yy\ a-UjIj Li <JL£>Ij 
£ jjt>»j ^ * km/h jl >u» c«%p j** jl 


\—i \j <A*Ju ji cr ua>^i r-rrv 

c j_JjL x = XR £1. Jul—iLc- y yyj lJlS {£jj j—j u 

Ji j-Lllp jl a£ J^S iSjjb Ij w oj^/ 

jo^bCUBjl pSB o%Jl^ j3 ^UjjIJLw 4jJa^ 

^?jL-» i4 JaAj 6 jLj^ *4jIjjJ C a]ojU jl 

j ili O^y^y of t5^j^ ^ ^ jl^J jI-1>- 

jl ?C——*#1 jj—4>- k-bLj 4—«lil C 4— laA> Ij ^La.y L ^ 

^lalj j~& eS’l^k^l 



r-rry <jl^ jsLi 


cJL^- jl u^jfylS •/A ^I^Jl—ol r-YYA 

j Jj-AJ^y* ol^_Jklj C.»—i *j B <daii ji t)j£— 

jjji <-» j «ij—S’ j jy~ji C j*l /A iSjh L L ^~— 
Ij ^IjO-l .jij-ji j •-S’j-l *-e-j*sy op j- j > 

JjJs jsj*-> jiSlJp - j ai jjl C~— Jj jXX jl i j~j *JL<»li'>lj 

4-sf .X* jkij-» C eS'jL jij cS'lSUa^l jl .OS’ Iju Ij j*x 

?iij?,y i-i%'l **y&yi aJj! I jl i li nJj-S 



r-rr a <a^- jsLt 


i^Lj—jb ilia * Ij jjlb-jj »jib ^ij <1 jj V —VTA 

(_jl<ijlj *—->b-i L j a-Ui oj^— oJb- jl / = o <di>J jj 
4 _ # a»I ^i j* ij^pL-iU vOjj^- jj 0 = Y rad/s o^Ij 





rvv 


<_jl. A ji ^ c »XjH r-nr 

V IXl/s Op j_— (_$ljla (ijla jl jJi < >«<■■<» ja 4_£ LxaIj 

l—«Xpl j 4—1— j »XjiJ (.S’lilLl— jI i —~ljJ> .Xib^y* 

b a t ^—*L^« sOaLS" k_jl:—i .xib^ p k = • A j>b{ 

•Xo£ *■■ — >L>x^ j—ij ja A akai j! jjff’ jl ( j —j o—ja 

Ji j-* I—OpIj 4_l— ^ ha * ^k -i j «XjiJ ^ljj— J\ (i_i]l) 
■*—l— ^ jJa—— j «Xj*J ^bj- 1 j$\ (<—») j Oil; t^tajjla 

<-; £-i ja jJA-—» l (>-j) oJL>- ja .xoib Lf *->y> ji j», IoaIj 
J •■A-JjiJ Jti ^ Xj' ^J>ji -X-ib^ J (^a^vP Ojj-> 
•ajla a_^>-j ^ j*- Ji <-& lo>lj -d— 
( l _iJi)a / = -l*/vo m/s 2 v_jlj>- 

(k_j) a, = -U/A1 m/s 2 

(a) (6) 



jL-u ij ji^ o^-i_- ^jb ^ i_$b 4 j£i r-rit 

•ij—i A_l>-ljjl E ^\j j— jjjX Xb <o>-l— jl ja J>a^ 
ji . i.a^ L*j jl_4?l_; j «JLi .a jli jj *S {J »'S^jk 

B kL_L al—»li jl jjc* <i .Xl^ ja oS ”<i j* • alx—I 

(_^jO—k5A£k«<»l J jla j »i jj ji j jl ^k— *S C j 

<_, D «_k£ ja 0*^1—- .0—1 JlL-j OL (Xib^ \i k 
eSjJ— ^ b eSj^ jLs .X.l^ ja <*bjj pJ>b Ojj^ 

b £ ^jl_^— jjja <uj>- 1— <S" X^ ,j—*J 

j-k: ji P j d i^lf-Jjk t^lj-i *-l— J( _^ j-lk <_. ^jjj*» <S- 
• J 0^ 


(v A \ =\\o/\ km/h 



r-rf i <ii—jsbi 


jl < A. kg f-H f o jLS" Jjo (jjor^i Lib r-rtY 
k_jLJ» <S JL*- ji ‘oS' (/ i L*j lj a j->- 4 Jj ^Mb A -dai 

j* -“I •->—3- .j ^j ^b ^ jvib>^4 ^ J*&*%A 

ii j—«- aJ. . if tO_—I W m (jl Jji» ^ i (jl iS' i_jbk 

ji ^ 4 _jLJ» jl V m kji— Y • m «jljjl <i jlS' Jx 

Ji*-» J—X i5b ,a li J (i j'j- 5 j>—^ X—J ^Mb 

Ip j*a>» (XL; 'ilb jis - Jx <$bl jl Jj a j— aX^U— ,oJ 
^j-i j* jl jijS" jiidj-^ l< .c—I «ijS" kji— li m ojlXl <» 

t L# i*«_— k-- -pjj (k—ill) <*—1>«> :0-l k_jjiiaa i(^jjjl k_i^bl 

oPj—- ji-S'IJ>- (k_j) ‘(jl Jj_k jX* j* (^Ijl <» o- j-J, uabk 

a mx k-jloi ji-S’lX^ (^) j ^jlkji—— jj-P- ji Umax (_^>>-i 
ji k-jlxk (^IfXl ja (^Uji Ojj—a <J Ij 1 .Ij ^j^Pa-i 
.X.jib jkj 



r-rf r <lo. jsbi, 






r-rf f <n— jsn 



r-rf * <n— jsn 

d= o L— oJi_^ ji ^^r-rtv 
jjk <J *y £'/ fi *j\j^*\ <1 J—i* —tl» 

o * mm j-Jai <0 e£— »jiji jji <* 0 <k Z js 

V J\^sj J <^U<L* <1 ay .yi j C—I 
(? jl oJL-ijJl^ jl /I j» <Ju»li . O —»l »J«i 

j^L_j <_j jj op^—.j _ll*^ rvo mm j Yo • mm 

.ju£ j ~*;0 = r*° vo <;i>-i 

v = VY/i mm/s Jj>- 



1.5 kg 


jjt m <_uu ji y jl— teks r-m 

(ijj j—> jy .xsy )ojl» ^yjfjLs u yi* jy 
.C—II <^i/ jly k = VY kN/m y>*_- l JL y» y _,a 
ij^y* j' ,^-11 b L-<y 5 y 
jy ij jy^jt dc > ’j a ' .«iy <—u~* 

5 = ”\o/<\ mm —I^s» 



2 m 



A =1.2 kN/m 

r-rf 6 <n— jsli 


Op j—-* L_» lj l _£~y tJ L ~— *— ’j* »Xi^ t-jlljj f—nA 

lj . 1 j —'j ojo^j-^ •■!—^(^ i — J ^ji ^km/h ^ <♦! Lj^iJ 

' lS y 0?*j ^ 1 

lj ji j a_J jl op j—- L» lj 11* m yil oil— y 
oti cT 1 ^ '/* * 0 S OUj Jo ji ■XS l y Jo J5Ll Jjlk. i0° 

>—Jjj 4 j l£y* jl *£ F" aw il—i yA i^Jj *j J —_jj 

jbj-{ j J Ij-a —>jLL. jl .ajjjl o-.Jj lj ijb 

. jy jtLij^o — jj 


r-rf y <n— jsn 









jJiCj iSjj c-jLi jtL; ^1 j-> 

jlx« j «Xt JUi C <kij jj ^ja sXlS C-j yC 

<J~~% j' cj-^d J j - J j—J~‘ , '- > " Lid 1 * X>-^ 

jl jj <—S' B daju jj ^jSjLS V* • ^UjI^aU JlLi 

_> jj jj_» jlj—• .J—<a jS I »j .^pLi jl tC..«l h\ — TVO km 

£-l_ijjl L» lj Jl_ cj I jlx« j *Xl JUi f = V S CjX* <i <xSIj 

jj c-Slj .J_iS aL»u_I *t = To<\ • * km £jl 
Jjd—iS jIaIj £-i j* jA -Aj—J^—-t j'- 1 ? 0 jr-^y. 

• \ S To km )g 4> lj JLixjl jIjlj ^-jl £L_*JjI i»jljAU« 
jI_>-j jl JJ oSlj j yy ** t' Ji\j JUj .xS^ 

^j*>* jA aS ^j^-U ^j>* j**ju jl .sl«-*l »A'jj JUi iijXi Jl^-il 

• XiS jla'J j-rf> i ijS ^ j—jJ j C-JUi 


r-r6 • <11— JSLl 


A- -I J jS^I JL>- jA IXjl *\ffl Ci*^ f~”f ^ 

f—ililjl j vJX_—<1 J^al» J~~» <U* (_£l$ljl <j WI ^j>- <j (^l»ji 

C-^o ja jl jj£— cJI—s- jl <L* jS"l .xS^ Jlj_jiy 4 J_p- 

<_j C~_X lj « jA U re i OPj—- 4iijS Uj oXi «aIa Jl— jyiil 
■ Jbjjl C—X oXaljA |Jli vlJU- <j <1*4 <S ^yLiy n _jli 


U -* a *j 7 * Z ^->< 



r-rai <n —jspi 


cJt—>■ jirkg ffr <iA <SjL <JSLi jjik.r-m 

^B AjIjI 4j j $"\* ° AjjI j Oj^^# 

j-:U *jy~y. <S^y. ‘X-iSjL vix - * -^cr* ^jj^y. ' ^8 
C 4tail jl Xu lj <jljl 5 ^Uub^ jlSIjl^ 4 Xib £ = */V 
•X^ lSI^UvoI jl .XiS 



r-rf a <n— jsli 


ijj_>- jj jlj —j J X i4 <iaX jj jl jjt xL ,j>y Y"— 

JJj->-ji jjj——j <-J ^ A.ial', jj - - j = */0 l) XS^ 

Xhlj>«j jj »JujS jj^ijP j^l .(^t = •/Y' L) xUJ^ 
j ^LiJjl ,j-~*j jl VY m <S ij^{ ^jXxij* jj I j ^jj tJ&A 
j ij^jjLj l j__j JC JLili iXJ«b <I«1 li JLstali *A m jiiji- jl 


■ X . l b <—li jj ujl jS^ JA <J . X l S IJ jljjA 

jc= i/*Y m j ^r/AAm ^ij^ 



r-rf ^ <n— jspi 


i—*j jjLj. uuUij ji jj r-ro . 

C—ijiJ C—Slj .XiL^ ^lijjl jj (jjlj^.U^* ^UajljAU 

jl * • i_SJ ji lj «jljAP» j «Xi JUi B *laA j jj (j—jj) oXjS 

jLJ Jjj_j* ^Ujjl ijl jyl <la4) ^S XkJ^y* jl ji (_g j.^.i JUlil 
^Jjlj —• lj j ^X«jjj jlx) Jjli lj jj j^—jjj jlx cSJ ^Ijj 
I—; Jl ^ * 1—1 (jil^** - ! ji jjX 

jlj-* tSjl- Lj (J-r-=r J j ^ (jl«jlj*U .C— 1 jjlji j^j Jlk* 









v'= r<\r km/h 


?J— jJlisj ( jO>- 

^\yr 



r-rar <n— jsLi 


i • • • j^-yi j_i <s L# *~ 0 ouu*. ► r-roi 

jL_i: ojj—o j^s j ib j:^; ji 

(P^'-^jp-J jr* j Fd '—i ^ 

.jllS^j* j-.-Jtj opj—> i 1— JSLj. (_jjl_ Ll* F(j ( jiiip <u ^_)LL* 

OjLi OP^— lj- ojV P <jly (vull) Jjs-J C-lyjlL 
jlj_; ojV 5 oiL— j t 0L.j (,->) ^ V km/h j 16 km/h 

opj .<■ <_j lj ^ • km/h a_JjI op^_— ( j_ — »jjl a j 

jjjL; j jl» »aL>- jl^ 'j*ji .jjki 6 km/h 

.o-l at 

P t0 = Y/n kW j P v = n/Yo kW 
/= TO* s J 5 = mo m 





7^ 




ZI 





F 

v 

</ 



/ 


-> 










- - I_I_I_I 

0 30 60 90 120 

cjij-, v, km/h 

r-raf <io- jsjj 


ji r = kd ,_sLo>Jl L, OjU 4 _ 1 — ► Y'-Y'OY 

j_j *_jtaljl /W {j—^r *j pjlj jl^yLil o*jL<» 

<—kxj jl *S <1— jlx»l jj V Op-^ jl *j j ijil^ <1— 
iuSL£kpl jij~^lj O'ji «jli (0J— j .i 0 

oiliol l* .XU^* Ojli iCp ou jj j (_gj^jl 

P iS.Jp*— *—^ JOLj ^l<lajlj V—TV *laj|j jJ oJ— uLj (J^pI jl 



*il—J—*jil <; *S (^UxJj { j~j ^ T—TOT 

: jl JJJ jl —p iJ—o £ ^ (jl oS” y>- 0 j— xS i_ j »xl jjlj 

*-i L—* iSJj? ■ Fr jJ- ijjjJ ( F d L- ijjjJ 

P ‘1—4 Vip-* Co ^ = ^D^“P uY OJj^J 

7 ^'ka, .v jl o>jLp 5 = Y/A m j (Jjy*I Op V (I jjb ^yJL^>- 
j^p (_sj^ c5^=r «->-i 

JsjIj-— jJ .JL— ^ip* ^ * * N iOjL— jIjlL. ^jl j) Fr 

J j—jjl (jl — I-- )jJ> lj lb i-JJ-J>- J—— y\ (_ 5 »OjjJLs*- 

J — »—jll Op j ji_SI (j I I— ^tUo j j—i Ci 3 = • /T 
—5j>- jlX-j jl J—*j .-L— -l_aI_)>- v = VT > km/h 

j—iOj—I—S (jX J Ola jjl jj Jj—_jj| (_jL— 

ji <LI.jjl V Opj_— ^1_SI^>- .j jJ>^ C'd — */l 








YA) lS'ojJ'* 



jj fr^ols* H 

u^ji ja 4J iijj r-v r-roo * 

C-Pj—jl Ojy—sP Aj Ij 0 Ajjlj .C -I «Jui ob jliJ 

•jjjT c. o < N < I • rev/min «j jj /V ^1 jjj 

T^T* * —! J~a^ ^ jl p-j 1 J 

Aj Ij 0 jl.ll* jia^ _b ‘J* Aj lj U- j - K-o J «ij^ 

jjl c—O j N = A rev/min ^Ij! 
0 = TV\° ^lo- 


A C. • »* y> j J I^.J* Aa'i-O t — 0 aIoJ ji 1*—Y'OV * 

^Jlilil j>- L OtL .a jj ( j— — v y »iy jj£—< jJ 

jl ji A_S" Jjl—* t J ( _ 5 ^i 6 = k t A_k(lIj y-Je Ij j^jJsL-* y * 

t jL»j j jLolj *- —- ■■ > • y 0 <^l<ijlj yjbylsj- i k = \ rad/s^ 

JJ—If Aj • /i kg ^j>- Aj P i_5o^jS" oiai .C—<1 AJti __ >■ Jj 

j-> Ij F y—iy y-i .vl« .»! eXi e OtisP <U CJy* 

jYl .J 0 ^ ^ 0 S oJjJ—»o ji t jl—*j i_—->■ 

1 F • N Aj F yjy yj AS' Jyi «X? 

11—-—>■ j J—>i »J —'£ Aj Ij 0 C— « Sy« „) t jUj 

r = r/i • s j 0 = v\r° ^ly- 




jii ji bj>o r-ru <jll- o Lyy jsLi r-ro*\ * 

I—; j j£ —* cJb- jl |*jlj i—J 'IS jYl .C—<1 «JLi ob jUb aJLi—• 
A c> —Li—o 0J—iy«J AJjl» j XS \XSj9- Aj Jyy" o. C~;Ij i—<UJ i 
3 J-*~ :** / J 19 j.?^—" cJU- aj tail jj 

y;—»y 0 jl O jy—<» A_< I j 0 i J_ilj Cjili jlyi 0 = 0 

*—Cr*j£ jly $ma* ijl^jlj jiS - !^- j «Jj£ 

.JLj^ «jlt-.l r='/Tm J a = g /Y yyli. jl ,ju 5 j-jj Ij 


r-r6Y <n-*4 jsla 









r-rM 


*—^ *ib VJ 3 '■Crij~ J i * * 

ijj^-l 02 *j ® j^; j J ^>y .JJ,j,y» J*Iju jlj*a A 

—>■ C 0 .»>y ji iyt- £\ju jl ^iS1jl>- li j XS^y. *jy-y 
C 4 kij C-jJ y* i J£-i Ji eJLl • ala jlti Jaal y .XSy 
•/O ^ ^ 'l\ lijjxi Jj O.i£jL i_ol jJ> yi li» (_$ly lj 

i^ljl 4_< .(o—l jl— .£j B j A klU ji e jlJLU) j *—.y 

J J—i J—*1 y- £j\j X = ° 0-*j y jiC 4k£ e jl jl Xaa *»■ 
? 0 -I jJUL^ jl jtUi. y jlJli. jj 



r-r>- <juo. jsla 


(_j—»Jy r = o o . «> y ji ni <j (jltji T— T*\\ * 

cji ,C — *1 <Si£ j\j-i 4_JjJ J—’-lj j*-a Op j~> L 0 - o *S 
jj—>*a Jy>- OjIj ^Iaj jlj L ^ JU-jj *JjJ JsMa 

-^j-^o* (jii'-i 1 -»jk *{ iX ^o* ^ j* ^iil 

jl—j ojj t j_iL a>„ = '/o rad/s j ) m jAy l 

o]_j3 jl Dji jf ja 4S’ 0 (^IajjI j ,_yUyl>- j f jxi Uj jl 

. X * S 1—»L-3- Ij ^yty ^jl»- 


^^,1 n jsLi >o-i l5Ul> r-m * 

,x>- y^y £2 — V/o rad/s Oali t^l^jlj op j** L ^yb! jy** 
jJ lSU-Jj A La a.) t jjy ( j s aL jl ^l^Jk Aji 4 AxJoi 

l.- >_jJ> .ajljLi cSLLk 4_j O ..... J y>- 4_j Sy>y 6 = ° 

ji 4 «L» ^j-i) vkpLj 4_S JOS' ( j Si *j jllsj- Ij L^lSk^al 
ji I j aJUoLj- OjLp .ii £ iSIS) 0 <^l4jjlj O ..<»■« y 

lSISLa>\ <- — jjJ> jlj_i» J-ilo>- .xxS p-*j o < 0 < \A>° 

J 4 *-^ JX* ^—i L$' j' *4 AS' Oj jjl O-.0 j jUaf I J flniti 
■J—jSo oS "j JjL*-; ^yili Oili eSlLk 4a C. : .—i 4.U« l( _SLLl» 
Ji ‘ /4in jl c^j 3 ! - l -*^ Ia *l li '~ r lyi> (^1 jl 4 J 



r-MA < 11 — JSLi 


jlj—»j«jli ji ili *ala jLU f—* 

aljl J jS *S 0 = * ° 4 a jlj o>« 0 j£~* o)l»- jl j 4 iila 

*-i 'j u-*£y^$ 0 <Sj£ .a_j —ty Uj ;ajla Ij iy- 

j-7K*4 C^a-I u_)_ik» 0 ^04 .XdS 6 jl O jyt> 

j jl j!>\ - 'Za 0 4—ijlj j op j — « ji_S'la>- (> — «—II) 

^j— >■ J i-SISk-asI .JO jy jl 4 a aJLi *S 0 Aajlj jS\X>- (i_j) 
.OJI^UpI ^li j j*sf U U 4 J 0 
(v_iJI)lUx= l/OUmfs j0=AY° v l yr 

(v) 0 max = \ *AA° 


t= M'W s j 0 = r./V 






TAT J51— 


ji l = ./o m J> -u ji.aL. J£,Tr-rvr * 

jU-ijlj C-fc j-- jljb 0=o c- ji jt= ° 

t N jl*j jl_/< \j£zj\ j 0„ = */Y rad/s 

u_—»p- j—. Ij f .x jjl Cw.x 0 •IjsJ j <j jlIj *j jx~<j '^f’r 
<_» Ij t jla_L. j «j y o <Q<1tl Y oj.a»h _p 0 
.jbjji c-ju Q =■ 7tn jiji 


f 0 

r = * / oj o 


dO 

VVA\sin 0 + •/*> 





r-r*i4iL 


r = */i*^ s 


= 0.2 rad/s 


O 


J.IL. 1*° <;jlj A 

d/L.Aj/ *—*- 







<UAio L~\ 


o 3 ^ f9* o>^ i 4 ^ 0 * 5 £-V 

ys)^\-j\s i-r 

(^•S^ O^jlAil) jo J u Lo ^jO _ <1j^jO £—£ 
fMoy> } kS )^I i5^ai £-6 
(O^ ^IAjL £-?’ 

> 4 *^ (°^ £-Y 

Jjai 



U (J 4 _ui o-i' o» i*j\q q {j3il5 .Cuul oibu .vab^A ib) dcpa b )\<»J )i Oa )(pi^A oi' «5 )\xLa jcpoJ 
a5\)\ Jiai oil )i (i2 Cuul iSb>CiAmfi 





4jo jJL o 


^L*: J-^ai y *—>■ £ .Xa £ jly *jy »ji Sj C-S - y £~~* j Jya\ iJJ J^»i ja y 

p* L aS - oji y cSy -u y - <>jJ> j JjJ - y Ul <>y »Xi «ji iSj iXxu- <> ol^jl 

.Xi ojLil jJ JUata^ I j | Xy* b yy* <-& L b^~~' 

O-S ”<j t(C-ij jl£» Jyix* oji (_£j (_$ly aS’) jjjl j JyS y lS'X*-; iXp ^-li 

ijl—^ jjli I j L* j *jtjy b < -Sb^*i i o-UL-st J yas oijJLi ‘(*^»-*-> ,jil .Cw»l Cj Iji jl ^yy-*' ^ y^y <-^i 

.^*Ai jl J b v_JL<» jS- j v_~Lo C-£y>- *£ 

C«<LJ olji Oi' 0* *L«*U L-L-l xIa- oljj j' y~~ y j' 'XJjlj* V_-L<» (X iyy eSx>' J b 

‘tri 1 J* J yrsj *-i& J 51 —'J ‘Uj5__JiU JS C^y *j b\yy J" 1 —* J 1 -^<y* L^b 

<S C -I (jX> L>- ‘V—L« j? «-»y^ jl .fy ^ ‘<-^^UejL- jl t$jL—; j UL-jLoj j Uc-^b 

Jl yy jb* Jb* > *-’ J jy* y* b <J^ ^ L#^~~ib 

jj_-p .c_.1 (jLi„rt- Jl— >• ji oljt* b ^ ^ t - j bj* ; °b^ b j (j*r <» b v*^ s? 

jj—y b j c-$b ^b J 1 (3‘^'y ^b <j*JS j' j •jb^r 

'- J-* y ^1—^-1 ‘jb J ^b j' v' 

Aj 4->-jj jjX O-ib jUiol J->Uj l»l iijSy ^1>«jI <; olji C-Sy o'i/il** A>-^?l 

^.LX A—S* j j-i^ <-w »y J-i 5 ^ Cy** **.•*£ b ^»b (*c*^ j jl^ Lfiy^ 

J yp I *S OiL ■V b ' yj 3 U-i ‘<Ji^ ^ ,J y JJf* b»>^l-^*b j^ aJ A*llla* *J Jos jjjl jl 

•Xx .a |»-f; (^b^bl J 

i®3*^ 0^ I****? f 

J_il AJ aS - (vjA^ ■ ^>r b <^y &\y, Jy fj^ 0y\i ‘0j^ 1 ^ 

Jj b •Xil«> 1 —i JJ _Ai-J (J^j aS' (_5iL» Oji n b i-' JjU** 








A*Jai jt j^la.^ 44—J L g ^ — >- j j.s3->u> ^la_- 

Lj j Q ..<l (.S’jsO J >_J o Olji ,J^Li ^ J (^”•.■■ > - c^j jl ^y&l^pib 

^j-^r jl '—■’jl—j-k* ■s jy—* j<' ~— olb- jA ja .J-SL Jl~- olji jl 

.Jij? tj>*« j yasl^l* ^ -bL j aijj ^k— ^jl 

a_S” jLO «XjL*J j! j_ip aj I j nti aj ^lajS 4!^ JSLi 

WJi *_; <-j^k jl ••• J f3 ‘ ?2 ‘ fl l^LajJ j' * • *J F 3 4 F 2 4 Fi ^Laj jJt 

'-i crTJ^ f'-=r' ^ p - r 1 i_r"^ j' cf-t' •'kj- i <_y 4 fj'j 

e .P j—rf ‘c^-^ L ^yS^JI c-oil^ 

C — ~ * 3jb_^> i^-*^ Aj ITli a jS .C~J Oyj* jj a_^4 (^Lf.^ jjLj j m, 


^*0~ /y* •^—' ^Lb f 


- G {jr ^^y* A* r **Ay 

'.SyJi^j* ‘C—l>^ (^Jlol ji 0 .Li 


ji .J_jlj^4 0jS /l 4 ^ ^L-J S .C—-I JS" W2 = 5/N/ jl ji *£ 

: l»jjli nii ** iT’-V' <JiU* iyj-j jjili Jlfcpl 
F| + F 2 + F 3 + ••• + f| + f 2 + f 3 + •• * = mi r, 

cJ)}}\—a* ^j-jl £\ .C—i y jlj-J^y* olji jl l£j ya jj Ij <JjU> mi vybJi r ; jl ji *£ 

'•^y^ij* UT^7 4 -l>j-i 7^d“^d 0 " t~* J Oi^I olji jJS^ (_jlJj 

SF + Sf = S mi r f 

Sf 4 jO~^ tS^A j jA jl I^j^k jl olji j) ij\y (^Uj I»LS IF O Jy-^j} Ji aS" 

(jl—* j j jj jl ••*—■iL ; ( _ y 4 (O- ^ J^l^ ^Ij^ J^l j y I olji ijlj (^U j j^i a*a ^jb y 

j^Lk j^_jJ^j 4_»*>\— >■ o^>- ji ^y tSyj? '^-* 5 r <-^i J^*ll j ^- > yy^ > <» ji ^yry* 

t J—b” t y« 4-A— I J*-) I j r A_S^ (^IaJjI** jl jL.j 4_J 0 < — ». t jl» ji L -La I y>- yua jj\jj Sf ‘“k y^i_f* 

l—» . ^y—> -A—aI_^»u jl_*j a_j Oj—~j (Ji—JLa (^ 1 jli 4 3 jJL> ^. : .>...^i jl k y J jlj m ^yr *£-~*y k .mf — £w ( r ( - ^jb 

:»jjb oS"y>- (^lAAJiU^ ji 


J ,j—ilji j J3—ol aS’ lj ^ (O- j -* >^i J^-Lj .jUjfcLi ^ j jija alfc—o yti aS - ojJj sab ,jLiJ Y"-^ f c 


j'y ^ j j>* f_Y y ryr dr* 







T {y$y py i***" 'f-Y ,ji^o 


..Lib^* ^yr £ y ^ Js yy f i—jli*i jl OjLp a *£ 

<—ijj— mc~-Sy>~ a— bU^ aj j &3y y —i-Sb <LSy- (_$\y yyj ^j3 jjjli <cyL ^-».» * j ( j£-i ii— \ aJjI** 

Jj ^—tr" J-^ f^-=r ! ‘tSyr ^yy 1 y y. * u d^ *$ <jlri ^ J L** yj ' 

.xib^ fy J^y CSy~ J^l J&L, j>l3 Jjl .C—l ^ fy jS> v_jLlS 
jj .J^sL^o aji n pyr y i ~-y^y a]i>J y y a£ >^. .*1 ^-^bj 4 \at< c^j >—>tLi a a£ 4 _>*y -Lb 

j —* j3 1—^ 4_!jLv« aS^ O-ilj y~y -Lb .*.!■■ ../t aji k_jb-i j^iLj yr^ u 1 .<g j-p ^ .....->- 3jy 

jl Lo-JL :—a b^y L y-> I j yyr f *jy y ^ <tabt* -3 y -Laly- ^IaIisJ aJsjIj c£j ^jjl jjll; j C—jI jl yy a]»>J 
,-LL-j oLI 4 j l^jl JLl> a^L . 3 Js $jicj> aji c_~S*^>- j_^ljj Y'-T Alii** 

jL; jij O jy0 Aj y^l^Ax! _^* »_—»>- ^j I j i—\ 4 J.il** jl y y Jj\~tC>*A el&»j.l (_$ j£j\£j b 

'LF x -ma x 2,F y =ma y ZF z = ma z (1— > a) 

(_j-JJ ‘J—«ib XF^y^jl—>- i^Sjyy —>~ jl*A j3 a <_->ll-i jli^j *£ XSy (—jl>wl t—\ 4Jil** j iy {£j\iy 4^- 

jl SF y cJU- ji . 3 jj £.j ^y- jSy G jl SF aS’ 3 jlX 3y~j ^IjJt ‘J-- -*-*1 y- #ib jbiJ I^*j aS - jjlaiUja 


.3jj£^ G 




j3 jl ^ <, ~ , Aj aJojI j ^jjl i yy*t A A ,<kZ~Sj$ jl y ajbil 3jyA aji L$b aIsjIj Y"— ^y>y j3 

eji ■Jjj—« ji (Jjy' - jl j3 aS’ i j$y jly a>* jj ijj* £-^ JS^-i yy^- j.JLi JU^-I aji JL>- b 

y Tjb^- (_$Laj j«j 4 J 5 Ja«-jj mj y e-Li fb>wl {JJ\-i)i bjLjl j3 .£ —-I (U\- 2 )i = AT; OAj m-, ^y- Aj eJLjUj 


y- (jjj—«' ^ ^y~ j' y ^i +^2 + ^3 + *“ ^ybj j f, +f 2 +f 3 


•JLib^ V,. = r, eji c-p^ ajUl Vi jl j3 aS^ c—I 7 ;. = — m t i> f 2 ^ mi 


4ki)j 

S(f/l-2:)/ =SA7/ :b C—jl ^1^ olji l 5^ ®*b>i ALijj (_5jjjl — oVil** ^ypyt ( JS^ ji 

.i/ jL r-l jl r-U <JiU* -LjUja IIjil jljj^ 


| i/i.a=Ar i 4-t/j.2 = r 2 ] 


a-Y) 


(Jjy^ yy^ J jbp A7 1 J ol y 


y, *iS^jy? y ••Li ^b>*jl <. U\-2 = 2(t/ 1 - 2)1 aS^ 




Cjjy* * _; *£ 1 _-Lu3 jt L (--J...<> >-^i -ij^ 1 

/ / 'K / Jy If '“jjj j L_ajjJ la ■»■y ^yiXs*- jl—(XI—*~A ,*-* 4 j i-S'lS Ha^ l Oj-Aj (JIo.AjI 

✓ /N \ 'l / f N \ 

/ ✓' \ N *f f i* \\ olj-^ <- l-Y JSLa JjLIx. r UJl o^U;l 

j' -Cr j *i (Sjjj £jj y\ ^ ^i 1 J=k ^ 

^mr ’w “*‘ <_iJL>w* j (_bl_*^ I_»jjJ j 4^J.b jlSL* (_$Ia<uJ y> y~y ^jI 

f-J* JSLA =- d*~? y^y y~° ^ ^y eJ-i fbJ jb - 

J*-.*’ r- l5jj y eJ ^ f 1 ?"' ^bi U \-2 

a J— J j ^b*jl jlS" jt ^JLs^j i Jjjb lj (_£_}^jl a y~* (1)1 (_$Lopl *£ ( _ ? «L«a jO* |J jy ji 

-k—’jj aj—i jl—S’ 1 >^»A .*yy V e JZ•** '-±y> S^JjZ ^-y 

(1)1 Jj iJi £ Lf jis Vg ^l^iU- <Jjj -^ ;l J* jz^> 01 y* *j j *y L y^> <0 -1 oyy Ojl^ j! <,}[>■ ^[aj y 

->'y y)y. f ; - , r <l A£ <_^^* cSjy' ^ b ( **—j -* cSJJ »-*■*- tC^y j\ y ji tl)l^,y ^-»jy-* 

:L U' 1.2 = A£ t<>w ji .ib 


U/',. 2 = Ar+AV # + AV e 


r,+%+v, +vu^v gi +K i 


r-wa j r -w o^u. jUj*. ^ 


jl^5 jy j j j_^> ‘■^y i j~~r* r (Sjy^ *- j jV 6, iS^y t Sy~y. '- J ^yy > r ^ b ^ — *^)j 

*—> lj m, bXjLw eji (JUC'j—- ^—ol yy> ..•' iZ*Sy ^Y—A ji aJ—i ^bul >A>i«w y .^Aiy 


V/ = V +Pi 

G {j-*r j-£J* 1 I *£ ^ «1 Jliljl Jl>- ji J* i-£j <J C- r — j fflj C-P y PjjGf y £ yt C~f-y V *£ 

Jij *i b (ijy 1 V? =v i' v i O^b L .SSy C*Sy 

T = Z^m,\ r y, = mi +p, )• (^ +p ,) 

= Z^m i v 2 +Z-^wi i |^ i | 2 +Zmj \p t 






O— o «—> aJu>- j O——I Yjn-ip i = 0 i£j£ ojlXl ^j>r £y* < J . —' Pi <Swl J r>^ j' 

J_£ cr -^>- (jjj-ll -°*-' 2)-~ m / u2 =-^i> 2 £/n,- = -jmi) 2 . y-’Lmfi; = v~Z(m j ^,) = 0 


T=—mv 2 +2—m,|^ f | 2 


(i-t) 


j-S"^ JL_«il jl J^ab- <jjyl lj ^J>r t$3y' ^ ' C~iJp~- jj\ ^L, -JiU* jjl 

.J-iL^ fj*r j£j* *■> ^-r~5 ^ c£j>- jl j JS" 


(£*S ojljul) i^JJuO^O _ <4jj-ktf ^p—^P 


J^s~£ olji jl L> j f ^ 4 ,* 4 I *^^ 4 Oj^l 




1 -^ _i ji oJLi eib jLD ^ . t ,.......- sJLjIoJ a£ (^l#ji c# ka : - f *-^ 4 .^ 4 ^ J* *-*-! <51 jl <—jl 

.c—I mi £~e-j~> Vj = r,. jl ji a£ c—I G, = m v,- ^1 ^ 

l—I .G = Em,- v ( l_i c.—*1 j-;ly> (1)1 ol_ji ^L*J ,_^-la>- ^ ■■ ‘ •■ 4 j> c5j^j—; ^ f - — b>- “—<i j** 3^° 

:^*jjb .c~J Em^, = trip = 0 a£ aiSH jjI aj iJL>« <*r j j v ; = v +/», ( _ 5r ~J aIsjIj (jjli&U- 

G = Em, (v + />, )= Em, v + — £m^, 
dl 

= vEm, + — (0) 

' dr w 

:L 


G = mv 


(t-o) 


,C~J jl ^y>- £y> j~i ji jJiL^[p- L fj?r jA y» J* 

.C—-I ^1 ji x jj ^jlj iSJ j? ji ^ aJ^U^ Aj <?ry l; C—jI ~ O jj~a Aj jl«j Aj C -—'> G 

ji 


[ef=g ] 


a-v 




ti'—*j *-$ O—-I .-i-ilj^ i jLa o ji *£j (_$! j> V*—Y \ ^bUw J5Li jUa ^Ijb aS" 

lSLh j J - i ^ L < s jUj <j c~—.1 pii*jlj^ L i^j>- p «~ w . y ijlj j?- jL>. 

j-^./ 4 jl ZF ^ cJb- ji t-i—i ^>-^~>-l j* *5 j_^Ua .0—1 1-) <JiU. i jM O-S"pi j j\i AiiL 

u-d* cr^ • c ~"' oJ -* 1 £ j*> j* C~;tt ij£ p=r aj o—J <jj£ Jl— ^1£a 4j L-l <JiU* ji G {j*r 

—k JUaI JjU t. v . : ..-* jUj aj O-. — j p>- ,_$!jli aS' aj Abl— 

-t-Jai <X jGf^r jS^ J 0 C->li -dai J_p- (Sr p-— ^l-ojlj ^y> jjS’l <l-r JSLi j,lk* 

—'-"d ®/> = —>1— (_jljb 0—1 Z 5 ^ k<> <jjA-I oJb- ji A? JLi JLaI y>- j.„aj Z* elj>Ji 

4 —! ‘^-d^ c^’jd ^ p~— Sj ji 4$ O O^ti dai J_p- p>- p . -— C^Wj'j p - 4 y •O CjU A±aJu J y>~ 

.C—l jj_j Ojyi Aj OjJ^ 0 dai 6y (.■■■■ -— Olji aJS" L# ]a^ ^jli^ £»j»- Ojj— 

Ho =2 (r ; X 7M; V/) 

Jjl .j— ,, k ( ^« H G — s(r^ x/M l Vj)+ £(r ( . x/Hj-v,-) Ojj— 4j ijL»j aj «.di.....> Jjj aJ*jIj jjb^ <—j ^ 

J J _)— 4 •*—• - * 1 ' j—*" 4 ’ k l 5 J ^— 4 v i J */ uk-$d jb j> ji jjA^a[>- I jjj .J-i JaIj^- ^ <dajlij jjl ji ^*>v< 

.c—I ^ p~~- olji ^ ijlj ^UJ £+*r Id ^ 2(r, x m,a,)=L(r ( x F ( -) :pjb aU>- ^ji 

J—! crrj'- a “ ci'—Jjb — li* ^, 1 —Jj Jaij SM 0 ^ <—id?- Ij < _ 5 JLs^Ia i^Uj^ A? (^bwl jl 

0=^ 'C-l p-~w- 



.wLib^ ie ji l£j ,_$!Jj Y'-YV aIjjIJ JSLZ jl*A t^ljli A? 
jj l- ^. t i T ^jbj—; A_J jl__j i-V AJilice 

cC-LJ Akij J_^- ^ ^ ^ ijlj (^rjU (^Uj^ 

j—»l^ C-jU Akii jT J y>- lSWjO d 

(V- —j ■■> jf» y~*y '—db- jjjL*a) jsS jUj Ij ^ j>- J*\ i*..^ l 

•i J JUpI jl *J jl IJ L-V AJiU. 

:°!»^) r—c- <-^i - g frT dy 

Olji aJ£ ^ja jj\^ (jJzji £**r L G £y J_p- 
■X> C—I eSjL-. j eijj ^1^ G {jpt £y> J_p- 
H c =Z/?,x/n,r, (i-A) 

jr^r Hot r +/j, Ojj-a aj r ; jlk« op^ ^ L 

H c = 2/j ( . x m,-(r +/?, )= Z/> ( . xm,r + 2/?. x m^,- 




X^X <^>y> f-f 


•(*—j ^y £j* <» li; L*t .C—i_jj —rxEmpi *—<■> I j <3j* OjLp c—lj <—i4. L <- > - ^Jjl 

; l»jjb <p«X ji syy ji~o j>)j> y ~I ^U>- (jjl .'Lmft i =0 

H g = ’Lp l x1m i p l (£-Aa) 


j *j »x*lj cph* (_$I<jjI j y-*y iO jLp ^1 ji t-Li a^Uiu<l r. jlL* c-p j-- jl t— A ji j_pj- 

l y—~j l 5 '<—dj'j <; <>*X *C—11 » 0 J> aiUi-i p t ( _ y —J C-Pj— jl <51.1 JJi <j i-Aa <JiU* ji 

J* Jr-J •■*-> J c£l<i jlj |*-~*j* o\y& <» G ^y j5 y <_jL>uI L . 2 yy 

jl-L» Zyj olj^p <-> O C-jIj <laj«J 2jy j2 ijQ .XSyj (3-JUo P «l yii <Iaij 0i_^< £S ?-y 2jy 

:C .- -.I jl*j <j l— A <IjU^ 

H G = Ep t xm,(r +/>,)+ Ep { xm.r,- 

^jj— » <—« jl j—jy lj <—U>- j— J jl .0 —-I Ep t xm,r + Zy3, x o <_. j_J ijl Ja . 

f< j errjl-^ (^1—*jjj ^ -C— 1 1 ji~o ^/>r £j» ^.y ^ <5 c-i-rxZm,/), = -r x^Em l p i 

‘—’JO—^ *—> £>—« J > 4 j—‘ j—> jj fJ' 4 j^'—» *—! I—^ ‘-J—-lj m,- j —; ijlj <_*—L>-b <_$!—o_i,I ji ^Lu 

' G <ki J_p- U- (jUjjliii’ aJS - Ji-I^ ^ilj ja <5" Jbl^ j 2 S/>, x (F ( . + f, )= Ep, x F, = £M G 

*i 4<s r^ J j -^Lf 4 ^Pi x ^« 4.^-* oil ji *£ 2 yi.^ 


[ avi G =ft c I 


U-M 


.C—I ailil^il JjU ^Xi J jika (_$!<; jl j pXAjA O jyA> *J <5 
v_-isO j-P L v —- U p jl j^pl j* *•> J 01~* uSlall J (*^^ > ‘ yij><£ji jl £—^ j £—V oMilfc* 

.C~l JUpI J,li 

jl y^y* lj (oOL (_§!Ijb C—I j£j*a <5) P «l y>^2 <k«J jA (^l<4jlj |*£»»y 4 j yS I . P »l<laiJ J y 

|4j>wj j2 IjS" jl^ £ — V* J^oi <J 4 ^-y L 

Hp = Ep\ x m,r, = s(/> + /», )x m,r,- 

Ojj—* 4 —, p —a fj 2 4—L^- .c —*y py-Em^i =pxEm i \ i =p + mv J5L0 <_, jl^J^ lj <_U>- j_Jjl 


r^jb jj/ v_Jy. jl ^ 4<^X j 2 .xil^y Epj xm,r, = H G 


affix** 


(£->*) 


cS'^-dj'j (♦-““•O' 4 ^ ot'oi a'o 3 ^ J_p- jUa* c5l<;jlj j*X«<5 jL • <JiU* 

.C—<1 j5 j»Sa G j 2 <5 i P a]oaj Jy jiai 2 jy mv L# la>- yLtyA jjl ziS j G J y 






yj* ji <£ fijr-i jl-^i b ^ *—> ^y-ij* J—<*1 XL Jl^- 

Xj I y <_£j jZ l£j 4j Ij lAjjZ jl <_£l <t-y%s**A i^J^sl j^t . Xj ^j_jZZ 
i«jL^*j 4laiii jl <J^^- «^j _> ajX?(^* ^ (^l^ aAj j * jl 45" 

J-Aa^ jliJ Ij ^ ajl_, ,y*-jU xj^ i-i JSLi .sSy 

Li ^tlx« 2 M g JjjS - j sjjSyG jl ZF tfjjZ sJj> (_—?- ^ 4$" 

.0 ^16 j-i oL^ o! 

(X —- J-i a j'j L$'—^ XjI^ aS 

jl yZ y ^jjl^Lx . A- . t L j —jI^j l$jl (_^IaXjI^j jj\iZi£ L xL P *]ojli <Jy~ 


ZM P =ZM C +pxZF 

.a yZy £—"V j i—^ oNal*-* 4 j y L *£ 

ZMp =H(j fp xm a (i-U) 

Js-Xf <l_) j J—iS - ^ (5 jL P ^»L» £y jM J y jj\iZS <lal*^ J^y ji Ij ^ $■“'' ^■ 3 '" 
ja (——l.<o ^1—~arl tj>-L< <^Ij-j b ^—-L-l j ea_^JUi <!aL*^ ^>1 .0—1 »Xa10a JjIS '\ *j l-i JSLi 

•X*a^i JXi: 1 J^ai ja ^ 

jl (4_>*xj ja .ala <*— **y j«X* y {J,\y jZ I j ^^jLL* lajl jj jljj,_y* ‘ P *i Z Z~~Z j*X* y jl «ali—I L ,jX>fc*A 

^.jla t-r JSLt 

(Hp) rel =2( p\xmfi\ 

jl yZy n3j_* 4Jal** ja />,• =P +/>,• j />,■ =/? +/?,• Jajljj (jala jl^s l» .C—-I P *ZzjZ <> C ~~) nti C^&y p t *S 

(Hp) re| =Xpx ntjP + Ipx mpi + T.p , x m,p + ’Zp i x mfi i 

— P X Yjnfti OjLp Li aJUa- i y»yi J p X - Yj/n-fi i L y\jJ 9 ySy» {j~»j 2 .C~^l y)y pXm\ n \ Ij &y* 3 y» ,jJjl 

dt 

j' y—i j^S. (H c ) reI L .X^>a jiU fj* /y 

: (*-ijla ‘ 0 ^/ 

(Hp.L^lHc^+pxmv., a-'T) 

4 ?- jj i—\ * j £-\Y o'^al*-* oaLx 4j —jL ,( .u.j I Ij £— Aa j 1-A oVI*a) xiL^y* Ho jL»A (Hq ) re] *S 


OjLp jl j&y^Z* l» jljj P 4j C........, I (^l4jjlj ?- y\jP 4jaA) J_p- Jjl t - tjT 4jalftA jl_jj^< (JIa- 

fj = *r + p'i fl^l J <j^*j *i (H/>)rei =Z‘P'xm i p' 



f~f ,jr^i 


(H p ) reI = 'Lp'i x mfi\ + 2y o\ x m.r, - lp\ x m,rp 

* ki'i J_p- jL^ csIaj^ ^UJ jjLI? 1* £/*=>* Cr^J 3 •’A—' j^S. cr 4 * 3 '-"’ ^ u^j' 

.jj i^ Zp'j xm,a P = -a p x Sm ; />■ = -a P xmp =pxma F Cj jy^> -u <lU>- .c—I SM p Jm P 

jb jijS" u-Jy j j' uri 


£M p = (h p ) re j +px ma p I 


a-^) 


d)l y£- Aj jLc« <_jllJ. L P J&U *£ (J^~“ 

_p Jij jJOjl— *J t3_P AbL*— .ijS^yt jly OiUol 

(i-V -dajlj L Jib-) a P = 0 -\ 

SMp = (Hp) rel /I | (i-^ *Ujl JjUa)/> = 0 -Y 

(_v_ il» d)l jl ^ j G c.»— 4 j a/>) -U- ' .-...a (_gjljA ftp j P — T 


3 <5j^ 1 f - & 

r- <J^ iSJjfi J 3 JS*^ j' J 3 ‘(^“dlr- °- >lJ " 

jj—jl .i j t^yo j jU>xjI .wi l^j ^*1«ja j$ *£ i jb <Sj^i. 3 

l? 4 j'j 5 3 Jy > ‘yJ 

iSl^ iS 1 * 

Jj L j XjfcJ^ ^L>Jl ^yi— jlS" aS" ^jL^b i-S’lSCla-sl (_$Uj yl ji *S lSC Aj 

jj £\ .Sj ~£j Ojj <_£jyl ui^l aJ tJjjJlya (_Jjyl <—s^ljl aS" t5o-Vl ^jp *lj^l jJ C-S’ j?- Ji\ 

ji .ij-U fUJl fj\jj~£ Jj <Jj\Z ( L5 L_Jli j AjiU- Jyj jl jJ-) ,yrj^- j' c£ jl c5'<a^ 

Ij i-T aJ^Ua tj^jl^U j .o—l P^jji = J AP = 0 cJl?- ,jjl ja .J-i AaI_p»J ai—IS" <Jj _^l jl O jy^) 

:oijl _/.j Ojj.9 aj 




k r 

_j oVL>- j lulp. 


AT +AV ? + A^ e = 0 


(1-^t) 


: k j 


r.^+v^+^+v,. 


a-Ua) 



<-$A "CU .. <•> ! 4(jl jj S" o . ...-I JH ■ ( * JTo-Xj 1 xJL- ji Jaih .xS^^* jL Ij Lf Sybj2 iSjy! UyL* *£ 

.JjS” Jtluiy> jl jl jljj^ *£ C--I \Syjfi jXtj\ ^^LMi 


|**«)« 4$l& 

jJljj — ^ ^ Li J y\jyXS ^y (X~- <X Ji ijlj ZF ^jU ^Uj^J xJ* <jLj jl ^L- o»^ y _/l 

jbj jl <Ajj aS - (jjje *-> tXiL G = 0 <5 xSy t_jl>»il t-1 JaL* t xil jup ^jI^j 


y*j jjX |*x «y ty jL- <_jLp y tA^X .XS - ^ jU lj f « ~ \ f jL»/ *£ 

■^Lf* L* 5 ^ 

G f J-*T y*J* k 0 ^ d** <Jy- f j*r J* S- f ^ J J L . tdT xjjj £\ 4 jLL» jjJs> <j 

:*S x^Sy <_jL*jI cJ j <i L £—'V oVal*^ iXiL yp y\y 

a-n> 

"XS^y jL (^lAjjlj AjjJ> <£j c-jLp y ^y yyS- <Sj 2jy y Ij (J/Ajj/J pXpy (jLL J*pl 1 *>\jj 

^Aoaj Jy (^lAjjlj yj>y ‘Xil AXiljJ 2yj ^lAjjlj Ajy> (fy £y J y L) C~;U *ioZ <£j Jy £\ Ap^X y 

.XL^y* y\j jjX (^y gy J y L) C-jU 

yy <S~J&A (^L-l ^1 j3 aS xi C^U T-\l l y*j y ,X*il> jl Jix~» XJ\yy ML oYiL* jl t_$L> J* 

J* .C~-l ti^l —O ^jS^s~* <X*y b Jliil JL- ji oUaLfc* sl^Xii 4j C - pX *& ^IfijJ'ojlXl SjjA j2 

■Xy JL ^lilil (_$l Jtjyj Aj liX^S" ^LJ *£ XjSma l —lj oVibw ^y *j iAs^X 

*—>. Jrr'lj^ Jil J*-ai j* .XX-A c^-jLL oXi yl ~>I jjLlji Ji^-V jl b i-^ Jajl JJ 

eilix-l }jy J—p\js jA y\£x* .Xs£ C~£ \j jA\y OUS" tXi ^\yl^\ C-X ^y Jj jyys- ,j\y <5x1 

2jy *S (^loji j L- (i U * — jA J X* J j&> Lf*^ t $\+*X~y <^l y *5 X jSy J J 

>jX->v J--*l^ L. Ij l^xT j 22 j£ <*JUx« CJj Aj J^\ja Jjl <5 iyy Ayfy .Xjj j\Si cC—l «JUjI <^LfX>u j2 <Xj*j 

.jb j\y A —jLLi 2 jy C|*jXi *p?\y jl l» T J-<ai >LS <5 ^ J>»xc£ 




nv l*^* 0 3 to L r*i 



f 4i^A) AImmA 

^yr L; u-Ls ^lo^Li *_j 15 <■ j J-iL^ m ^y? (_$l jta jl i_£j y* 

£\ •-&!-& jl j—S ^ybl ( _ # iiw!> ^la-- iSJJ ji AS- .Jjle-Li ^yj^r jr^Li 

:x£ yyZ iiyi. ijlj <j U*L« jl ^ aj F^j^J t J$Li Jjlk. 

.Ij «_jIS 9 (j\*jj\j (b) j O 4ai c-ib-i (a) 


C3 ^ jl jl >—jb—i A_^jjj]aj tO «1 t£jfi ***• *s-y^>%A ^y? £y O *iaAJ :(a) 


[ZF = » 


/l = 3ma 


F 

a=, ‘> = ^ i 


b i-\ <lu. 


j-A Of-- *5" p-XS - ^ H G 0 ^£ IJ-j t£\y •piJJ~\ i j* C—X L-^ <JiU> UjjllJL? J-rf»l jl lj 0 (b) 

9 <S rd Li C—-I j->}y ‘-5 j— i£ j$ ojlXl x-y jl ji jS- 0 L &—0 ji <SL*l&Jk X) ^y? jS - ja <i Q- .J jl 

jjl l X iT l) 0 4jaAi Jj>- *S-y*3y» (_^l<Jjlj pO*J* i _ A .JLib^ LfcO^Li t_? yX» (^l^ijlj C-f J*» 

:i J? O'- 0^7 'j ^ -C—I y\y Lf yJ> Jo*- ^A^Xsy jl 

H 0 = H a = 3(mrd)r = 3mr 2 B 

i^jla l—^ *J:>U> jl JU- © 

[zM g = H g ] Fb = ^-(3mr 2 6)= 3mr 2 0 jA : 9 = ~—j *-jI yr 

dt ’ 3mr 

JuJLo ol& 

.(JUu// F (^j/x< /|/ M (Jac <tf . b Hi <J )yl) fJiwJ F C^fA J /l/ij 4; ili? 44u; 4 /^j 4ajn" O 

4A£/‘ c^uj y/ @ (^t/ 4 a/aLujua (jjSaaa -fi/l) )(jj Hq = Hq <SJyLe- <t/ H G <Zmu/}' (jl/j Ul <c>uul yu> 9 l/ul y ) to/f' © 

.<^-uu/ (Jjluu 0 




^p—y <^^oj 4^ * “1 • ? 

jl aS Jj ji OjLil j^jl L Ij i —! -J^«j - I t ...* jJ «AJ< jj 

.JjloJLi 4 4jl^ljl 0 Alatf.t Ja^lj ^U-OLo 
.XAi I J <LL ^4 Ojl£> 



-5LO. 




y-Zj** 'r't—- •<^*—' C—cS^b. (O-—< y ji Jiy f ji j^lS 4iib J^i : J»- 

. j-Jjlj^« i—^ ajj+j aJul.m. 4 jc^t^jb 



j—j 4_$L»l^jk \ji_j .o—~j (7 oS" jcjU> 0 J^aaa OS’Ul tC—<1 (jJo* 0 y G <lt-.,. * I j i \ j* 

.iJLftl j>xj jO ——4 j £y 0 4Ja£j 4-Aj£ ( _ f * JojIj (_£1*4Jl> 

^14-jjlj .JO—~* jl—Sb J3 J— * j/ c J 2A /Q yi\ — *A 4ii—4 _)3 jA ji o-Ll Oib jLU <iafi*«J j3 

.JLO—j ( j—JU 4 j j o3_jj 0»jUl4 j£j -l£j> b ^^aA 4. 1 . 0 4 ^jjl ji JojI j (jjLaaJl^ 

jlJLo &*S*t 

./jyljfjA t_>/« tuDyfAt <~fjtlj (3i/i> (Jjj ,'/ 5 cIacIj/ <ti(/J/4 ,jii/ lIajuuS /A (jl/J I / Oi//4 j ,>//" JjOHa t)lf!(j» I , |«iuuuf (yj 

.(>0/ ‘—ilpa (yJyl fjl <1*1/0 <j£u/ < SI b /"“4J <JLflj JUaI /, p'l/fl) Cji))l*a OVcr 4 (yjAtA 


f-T 4ijM 4lJLwy» 



<*Ju0 jj u = r» • m/s Op b 0 JaiJ jl Y • kg 4 j ,_$lo jL*^- 

J. _ 4 aIiAj ^jjjjVb 4 j 4 ^ 4 l£jA .3t-^-Li 40 JO oili jbi-i l_.«.4 b J X'Z 

4 _Loli*)L .33 J* y* p— — x> C j B i A o.i 4j j oJLl jA^jCa 4JOP _ji 

4 _ Jai jl 4j 0 * • m ojljlil 4j A O4 ■ -5 *S 3 _j-4^4 oJUolOt jL-xAjI jl 

ijjiQ 4ki; Ji fl^l y* j »ijj y B Jti I Op y jljb B O^-J j Vb P 

1 kg j ^ kg 4 0 kg j-Jy «_—J j *jC j B 4 A jl tib jP 

yj 0 - 4 jLl* jl ._L^ v j^*' jbfuijl jl ,j-j 4 i- 4 »li^b I j C 0 - »... J> O-Pj— .O —<1 

.JL '£ Jidy> 


lij 4j 4 J j\£ 0-L --j (jl^j*bl jboj t(T—"\ Ajyi 4, 1* ... 4 ) 4jb^j <^Sy i jja ji jb*jl>40Jb jl 

:vO—I ooi 'Jo <jij*p £l£jl jJ j 

t = — = 300-^- = 24.5 s 


g 9.8I 

_K_ 

2 g 2(9.81) 


h= £ = MMs ff =294Qm 


:b O—<1 JyA 0-4 


Ua =pgh A =V2(9.81X500) = 99.0 m/s 

4 4^-Oi ji ji y*j *1 ® O-4 — i 4^ 0—4 1 ^ j*i/ 4-Jlj Yi/0 4 Z 0«4>- j3 ^jLili Oj^> 








163.5 m/s 


^jj-* 


[G, = G 2 ] 


5 4000 

= t 24.5 “ 

<u* j *J j\£ Ojji jJ jl c5^J js> jl 

.£>\*^ j~m OjJj 0=^ ->* J**- f^y 

my = m A y A + m B v B + m c v c 


2O(3OO0| = 5(99.0k)+ 9(l63.5)(icos 45“ + jsin 45“)+ 6v c 

6 v c =25601-1040j-495k 
v c = 4271 173.4J 82.5k m/s 

v c =>/(427) 2 +(173.4) 2 +(82.5) 2 =468 m/s 


juJLo olSo 


(J> 


1 0 Ou>1 /jJ/J if'),!) IJ U (JM «>yi <j)yl Ofi/Mi fjifl iIajG 4*)?* i(Ju/jukA ihii ,) iJylfv 

J, (-jl ykii\ f/z CJyye j) iJjlff(J> 1/ iSrt^A ,'/?// f(f*> ,) iSMuufi 4uJ (Jjj ‘/f* if <vj) 469 ! 


f-f 4j}X>j AJLLmmO 



100 rev/min 


iS y \/Y m/s cj'j—* UA yj>f£ n <uljl 
JU- y j J* **.j■* 3 ! >A j j j ^y *y 

jU->- f <^-i j-* {j->r ■ J -^y L> 4x^1}^ <>ljl O J~aa. Jy d>t jj* 
c-f-JT A» rev/min c-p^ Lj *-*y>y .4—VI kg 

i c~p- y \ • • rev/min cp^ U **yy j > ^pL-jL; 
ojl_LJl (b) c T i j. ■•.; ’ . > • (&) '.<x~S ^ *jy j* •4^ t /* 

,|j O *iaij J y Ho j y-*y 4 jl4»l (c) j G y*y 


\Pi\ = v*=r6] 


:C~J {jy; O *iaju vl.~~.~j Ia*—« 
80(2^) _ 3 
60 

100(27t) _- 


f~~*7 rf3j!l (a) ^ 


(u„ l, =0-450^^ = 3.77 m/s 


60 


= 3.14 m/s 


(uj 34 = 0.300 

:U C~~<I <jl v/" 9 ^ -4i'v/* ~"4 j *JiU^ jl )Jjj jl 

|mu 2 =|(l6 + 4(1.6))(l.2 2 )=16.13 J 

c—' j <^—4 ( _^~4 t£jj\ ,y>^ 

Z|m,m 2 =2^|(16)(3.77) ! | +2^(1.6)(3.14) ! 


© 



= 22.7+ 15.79 = 3.85 J 

:jl si—I OjUp JS 

r = ^mu 2 +S^m i ^ I .| 2 = 16.13 + 38.5 = 54.7 J v i_^. 

J—^ f.r’T ^ c ~ - ' j^ji j*^~r- (_,!*>■ (+=-*>* *1-0 <JjUm jj» .^^lasS- (b) 

vibte Vo J*i f>>- jS> 

[G = mvj G = (l6 + 4(1.6)Xl.2)=26.9 kg.m/s sJ*. 

3 L» . 0 —-l *tJjZ <jOaS- jl 0 ^Jai Jjs- .0 ,_$l 43 jlj j*£U(c) 

•(♦Jjb isl~i* sl-f>- 4 j 3^^pLj 3L C~f>- i yj£ ^laj 

// 0 =Z|r, xm,v,.| 

H o = [2(l.6X0.450X3.77)J, I) -[2(l.6X0.300X3.14)l,. 4) 0 

= 5.43-3.02 = 2.41 kg.m 2 /s 


Jui x ol5sj 

.C-U«/ <«//,/ /) if/Mlb^ 0 f/A )f/A lZAt-/M V jj f cZawI tfpf (jf/ty 9 <0.1/1 cUbi (jf “A <f) 9 * Ay O 

<A-i/l> iiAt-z-tu /9 X-A oj (Jxmj ifyluii (J//1I <i -by./* (ZaLwIm ,y 1/ (JyUu gj* .y/fe-Luyb ha 9 y/fe-Lu <sa i(jl/9) CAfA ifyySi Ay Q 

■rflyo ><vJ 

uZASA /J> y) 0 <0 CamuJ Ly'T fj& i&Upt if zaauI (jjJ (jl 9 yjy if (jif/ l y ta.(Jff ZAlliy Caw) ( l9 fu* <f)/)) )#? «I f sjf 0 

ntj V (j) 4-i/j* ,<lauJ y) 9 /-Abu* V caA/av oi/jK <_4 (Sbb (s/ «-» (j>9 -#f(S> <-»> 1/ jfA &JsA 9 Ay. (J/f> /> 


A/9? <^buA H /jJj (jl Qjl/f) CAfA 9 CAM,! (S/by. CAi if jf ‘(jliJjl; f&Ay. .yy /Jtj^ (jl /9> Ca§a (jT ,y if JUjIa (S//JI s>ili 


O 



Y *) crX 



f~r JSLi. 


a_S" jLf>- f Z ***** £y £-1" 

i^l_SUx*a>I _)l . X±£ uL> l_> XJll;^ ^ • kg ^ y (^1 jb i-£j 

Jkiy> UJjlS - j fy. j 

a = \o/\<\ m/s 2 v-»l y 


500 N 250 N 



f-r <ii—jsLi 


jJjLuuwO 

^jj'loJJU) JjL-oi 

t ( _ f -LLy> jl ^1—i iS-L-i aili jLLj I— ^ 

^j —>■ I_ j aJL* ja j Y kg ojj *-> <-£*i y 

/ic q 1$ 1,1 jl <ibljl Lfcajlw* .Jjla.Lj ■ /3" -a 4j j*>-U 

3_>-!»«•* CSy- .X-il;^ jljjjl (Jli <>Jua ji j »-l~i 

jl—iJ Cyiy y j£\ ,y»\ jL-i ji ^j^ "-i 

O JL*pl <JL» cSL_i *J F = o * N ^ybl ,_$jiaJjl aib 

b il_>ul 4 i 4_9ula IJ :>■ ?0~*l j»LL>- ^3 Ja-^. j C aJajLi i_ab_i 

?ijljJ 

d C =U/oni/s J ^1^ 


( 


f- l 4lun» JSLi 

jl j-jLi j NU JU ji A kg j U kg ^ • kg 

l—>* c^j .Cw/I e-Li jljjjl /) 4] ajl > j| *& -Ll—A 

I—j lj C j jl V*\ m/s Ij A 

CoL-J * l—j 5 Oj—.-L-JLS^^a 'VLj * /^ m/s 
j 13 j ]a‘t L .o^l ^ya3j JL>- ji */*\ m/s 

4Ja4j ji I j !*—> LlL> 7 VS" l)I^*p 

.jxS l>v« D 







fj-^r A 4—j J—*oji ‘^-d j* 

Ji .ajIa jlj-5 G Ji pi —^1 fj*r $J» j - 1 -iL,^ 'A kg 
^_j |jj G Jj_s- —_~ j j (*-^>* 4 -^’J <-£-i 

j>G (jsr £j* c~s-j~> jU< i )j JLil,^ VY *k kg-m 2 /s 
.xi—jb 1 m/s j Y' m/s j-,1 ^ ^_-j^* *j y jx c^>- 

O 4_lail Jj->- ^L>- <» — k>J jjl ja lj Ho 4jvi~-~» j 

Ho = r/r k kg-m 2 /s >.,1 *- 


i- 

o 



f-Y <JLLuy« JSLi 


c5'j ,a (i Sj —J 1 ii£jj*i-r Jl —- »l&—a 

ja 4_£ J—iL^y tn ^j—^r 4—> '-S'—j jA (_^l4jl<dai»<^ jl^>- 

lj (*jN jl—*j .Jjl4_^^ jl^__S jl jjA j_j>«A jl r 4 JU 0 U 

«.&——<A jj—>V4 4—j A/ LLA-I jjLLL^ jL*^-l j>\ jA 4 S 0 I ^1 Jj 

.J yS 4 —jL>v« i-Lj^j (O 4j j^^-J LlJLa“ jl jl ^l4jjlj LLPJ—I 

J jj-5"*- 4 f j-'>■ J 4A j—; _jS^ A" L 4 —jLL» jA 4laAAtA ^kj 

•C—-I m L 4—jlIL* jA (^lajjlj 


k ■< _y ftl ^j-*r 4—; i-SL-j ^_s> u5L_>- j_S <_$j£ j 2 1—1 

_ji j_Sly« jl oJ-i £j-£ «jlj-II 4lj»lj) Y/> Jjk 4j ^yU-JJ 

jl—LI C....« i ja jA IjUoI ji j -Ula-Li J-ual4 -iSj 4 j (fj£ 
.oljli jly ^1 ( _ # li~ja ^k- jj J jJU- jA 4-Li 4ib 
i Jl^pl jl« — J j jS^_^* 4j F 1-^jlj jl-li4 L J^> £\ 

j^JU Q = \ '° 4jjlj Ji ^iLai 4ksJ Ji lj y» t) Ofy 

^k-« b ji^ (^Ijl 4 j 45^ lj F jlji« ^y_JLL^i .xzS 

jij-i' J—aiL. j_,J_> lj ^-w,) ?C—I jXi>r ^j ^lai 



f-f <1^ JSLi 


ji 4jA L. ,_yL:-- ^Ij-J JS' 1-0 

Gt/t = YVli-Y/lj +l/1k kg-m/s 4 _k,lj li / - Y/Y s 

4_kjlj Lj u-b>- ' •<y t = Y/l S 4—lasj jA .C-jI 4 -Li 4 aIa 

F jij -^4 .juLj.^ is Gr/t = r/vi-Y/Yj +i/<\k kg-m/s 

Oi' J 5 ( J ji ijlj J>rj^ iJ^Jji> -1^1^ J >\*j Ja-._jl« 

.JLS 4**jI>v 4 ^L«j 4jl 

F= YAY N ^ 1 ^ 


Jjk <U m ^J>- 4j l_$j l-"\ 

C j* .-LloJ-i - a~ .A j£jj£j 4j j^>-L \ L 

L-> jljji JLjj- jA 4-JL* j »a_j-j X <~~4-?r ji U LLp^-j ^IjIa 
jl-Li* J^ljl 4 — ) .j—iL^ A^^pL-aL c^>- jA 0 CjU jlj -4 
j— 4 (_^ aj>_ ('—ill) Jal jj jl iC~jl >-J_j-Uaj» 0 ^jLut 

•'j ££ J j G ^^4 (v_j) ^ 











r-f 


i^-»y *4; <Sjj j—i v * kg (*y *i ^y* jjk '-^d j* y> 

j-j 6j*}\s' ..A**, ,.,«,& tc5" j>*Za ^IxL 4 j ^ 

XpJ—- L 01 kg j» y *j j jk 1 -^i j® J—i ■*—• ‘ j^t 

ji y y <L c_«— <j S yi* <jI*4L 4-i c~_) • A m/s 

Xj > ■ Ij <-Sj—s"X* jyy P y jy~ tjljj . XX—A jXji Jb- 

ji jly .-XS 4—>il>t4 ^yy 4JL w-i j^i yLJili 4^t C—jIj 

j_ 1 4 _Jp ly,_ci 4_S X-ily VA kW yly yl—-• jjX_i 

.iyjl^y ^j*ll^4 ji ijP^yt L^l^Ja-sgl 

P = Y/o<\ kW y>ly 

ji Y m/s op^—* ti V c . , ^y ji /4 ijLLu >yy £•—Y A 

j 0 jlj_il 4 S B pSL* ^yy V 4 S C~ - il oSy Jb- 

^j-^y 4-AaLx* ^jy-y j' y~>, --^y OjU»I iC-I ^y p-* 
.xxSy c— S’ y is J— i oib jULi (jUc+jr j ^ 

j.—Jjj-4>-y j' y—i 4-btfbjb lj l$jy Vn J V/\ y 

Li 4 —~jLL o jj L^jl uSlSL.igl jl j si^S yL" 8 ji lj I 41 y .Xjjt 
J&y* <S-)ji‘ 


V- 30 


.0 


I 2 m/s 

# 


f-lf 4 JX —0 JSLli 

ji y nh fyr 4_, yj j mi ^yr <_, ijiy £-W 
4_SLJb- jj iXleib—il p. a ^JjLL* hi a ^yr (jljijl 

jj—^-Lj jl lSLS^L.^»I j si j —j 0j£~^ xJb- y s = ° jj j 5 —~ 

.xs£y £.jj£> <jy 4 j 4 j J Jj .Xiljjy 

v->.. » -.9- j-j ij—*j *S y^y s y^i^r <jty. iS^^ib 


.Xjjl t 


4 (*-* 4j i_jSL- 4 


J iyX\ ^LyuU- 


(iW— 4 y -*—, jx _*4 S :—- J_^- jg\j Ji £-^r 
J • A m/s -- I—; v_ Jy 4 —I £ • • kg j V* • kg 

| X-S y- jL-i _oSj x-£9- y ys\ Jjj •/T m/s 

jj .X'yJ.y («—<® *-! j4*J J- 5 4* 

JUcj\ JUIS jl \ • • kg r ^r 4 j tj\J y ^ 4li>J 


it J _i sib jL.ll c 


r y VY m/s 


4 J >y*y L 


j-^ y jJ yJjk? ‘ (jjjj->i 

‘J- “jy 0j£ -- CJl_9- 4 j {j Sl_J 4 j 4Sxl jl 

4_»1$—4lj ti_^x jibil jl ^*3 J?l M .JxS 4^b»-s 
y*-* ^ ^ 1 $: op j-- i^i y J- 3 ^* 

0 = 4/Y‘O m/s ^ily 



0.6 m/s 0.3 m/s 

f-ir <k~* JSLi 

y’ “->—i sib jLU (^Lf^py L j^jL ^jSlj 4-1 £-H 

‘*jy*-y. j' a —i •“ Ul ~® jJ yi\ Jjj 

U l_Sy_JLiS OPj —1 l—l —•-* J sXi ^1-4 3 -4 4 j ij^J 

*->C j B I A sJ__£ ^■j-S’jLj (_5l^_4lj jjj .X^S^y oSy 

Ij U OPj_- -J_iby Vo Mg J 0 > Mg Ao Mg y—Jy 

JUail yl ji 4Py>n oXi I_sjljl (_5jjil n Xs»ji j XiS y~J<j 

.XiS 4—^l>«is lj l^Clj 

2 km/h 1 km/h 1 5 


r- 1 f 4 lx^. JSLi. 

J-*' ^ ^S 4 L l 5L U XlSy JjJa 4 JI; £• £-^0 

4jL1> 4j ol^-ijy 1_^J (Jjl 4 aJs> jl lj y.sXi t 4^>-Lii V‘° 4 j jlj 

' • lyl^ *ia>J >-So ji .iy ‘i/L 1 m ^iy 4 JX 9 U 4 i pi 














f.v J5L~0 f-A J^k> 


<> V a jM, fjPr <i t5l*J -b>b JJ 

JjLlxa ^jSLi j~*j il^*jl J OS tj* 5 ia~*J 

ji *S Ij WI 0 (“^T U OPj—* (b) lL~»a~3 

Lj^ij 0 o_jlj L ^Lj ji (c) 0 - * > .5 c5 

j_aj J»j— i j_j! fj\j —| j»j Ij 0 l j—*j i-IO—a jilji 


v = --—1» 0 j o=~rJ - 2 — 

m e + Tm b \lm D +Tm 


c5jj ^ -LJWjl Y. kg fjJr <_, ^b' 

*-k* *-i *-* b 0 kg *-> iS^ i •*£ <LSy- Jti\ Jjj 

l_i Ij c—*1 J —*aiA r = */i m J j lg «u jljji <JL>- ji 

'—-^J— 10J-b£j>- fy -~**- >—| jjj'j^ J^>- 0_^ 

ji ^Sl <^_j OjI—5 0 = L rad/s ji Ij ^JL* 

Ij V o*j— t Jl-iL U = • A m/s j_JJj ^Slj C^J- 0=0 

j - ■ j Lj >-^>- ^ j^r .juiS* tti—*>l 0 = "\ • 

■ JOS’ ^ISL^jI *jj£J* 


^ 0" Mj 


ilai«l jj <uljljl Jjt y^j* Y/n ^j^ V (,£I 4 jIjI i—YA 

4_j 4S - Ij m f j*- <, Sj j* j* iXS oSj>- ^1 ^L^Lj 

J-«J- Ij iXleJ—i J—ai* / J^_l» j jA-J^U fj-^ b 

“i/jJ 4 _<ljl (^jj ;J—iL^ J~*i 4 U^L. *j *£ 

jj£—* CJI—>■ jl 4 J\ 'J* jljji 4 —iliji _j »J-i 

iiJjS L»J IU--I 0=0 ^‘U oJb- <1 l*4iv» 4S L# *j 

0 = ^A*° ji Ij l»4_L* 0 < _$l4_/_}tj OPj-J _) 4 jIjI U t C#j-> 

4 _j jSj_* jl j j-jl_*_i ^—&L oji Ij L»j_ 5 J *4!jl •J~S jj^Aj 

.JUS Je£ij~0 



jl jj__e- fl^_lA 4—i jUai ^La^SIj i-Y“\ 

T> km/h opj _- ^Ijb i y>- jjj_* J--AW. ^ &P L. 

U OPj »4iSI_SCla«<»l 4_i^Sj—a jl jijS jiaiiLi .axJiLi^ 

ji ,JL_> j jl C-- Jj ^jiil O—«3j^ 4 j jijrfj ^l^lA 4j IJ Lfblj 

^A m j_»lji l^jl ^js^ jS j^ jja<« j«—• j^UJi ^jjjjVL; 

.c—I tS^j*r tib'- 5 1 b“ i y 4 J 4i >i 



j2 aajj wj ^j—?■ 4_i a_5\—j j » (_gjS ji 1—YV 

J—Afll* j^j-XSaj 4j ((^j? J-5 j^j^ 4ls4j|j) Y/> JjIj 4j ^yi U .'Aj j 

jjSb- cJLp- ji —Liw> < _ y isl cSjj jj l-^l j 






r*\ 




rv 




aS OxiI ^Lx- ju j OjIj Akii-x-o plx aJ~i /j?*A p— 
£j_ j_Jx AO- ysy (^Uai UL • 5 > : rj^ (“^rT ^Ijl 4 


. cjl jS aS fjdy Oiliol jS-\ oJb- jl aJ jl 0>-Ia 

x. b t_SLS Aj ^jL-lj^A y\ .i jb sy J js <jy* cS' 4 k>J J* 




b aJS JbL U UjyJ yjy- J &JJJ ^kx- y, J UlUx. yd*- ^k- Uj; j^jA t^UAi aS 


2F L; y jL^ <^l— *jy (Jjb^j £pr $- -0a J* -pijd ^ f 




t U«jl—- jA~* L jl ^LJ jl ^l^j y Alai^va y pj <^U_jp :jl XJjU t a^ J-*^ SF aS 

.OxL Syry i A 2 j Ai jS ^Jo- 

js L^_ilSU ^jjl y Ox-1 l j^»-‘ aS pb-Lx-l jLLs £jj y J\ yA 2 jA\ js AkU djjs JLx- ji pj <_$l -*jji> ~^ 

j .JO-L Syry JLx- 

,oL **ry a^J jy& js JLx- _j ojlx- j jj ~ T* 

\y>ut p—.xx- La>- p -«y jyj jl Ox-1 o jLp iG aS U-l» _^l^ G l» *bl» SF y- d*~ t£l-®_j y ^L»J ol_^ 

._U JL ^»p l L xt-^ tO»L L p .-—* y iS^y. ^ ^ Abb-. aLx^- aS i jbj aj 


4_S J *sy jLb t jUj y lj p ~xx . i-Ob JSU Ox-A, yy\j»\ JJ^>« *-^i * £ Aj O^yy lj G *iaj\j 

(JL. j J J .c—ib JUkl y- Am j-i\ji ^ y yLi) y\ y~~y . At jUj y j U-L y djy f y 0^ pr- f yr 

Ui^o JA -SjAy Alais^. jl Af JUj ji A/71 ,jLl^jl j Jj-L^ JS jU-A Aki>xA jjji A/ + ? 

jS p-x. p^L jO: OjOj Af ^Uj aL»U y A 2 j A\ ( Ui. ^Jax, js y> jl j jy ^y j 

•SjAy jp>- At jbj 


AG = (Am) v 2 - (Am) V| = Am (v 2 —vj 
:jl aS t G = m Av \sy*y <> %y <SjS ( 



xx- j A/ jj NL aLjIj ^.......Aj l» 


Pjb t-"V aJjLc jl yy js 


[ AF = m'Av ] 


(1->A) 


_..Ip jj j jl L ^kLi. ^jL^ Jlj^* _> LL jL_^>- p-xx- i_£j ijlj y>. Aklj i-^A aJjL. 

■•^Lf* j’j 5 ^ 'j 

y jy Jo*- (Oa_ja jlj^ yi ^j\sji Ojli jl OjLp <yj>y jyZ JA *j Jlj^ aS <*y>y yy jl 

.jjb (J-lk jy\ a>U L aS G = m '\2 ~ m 'v I =rn : 0 -ijJ <L>l_yj ,_^a a>U y .JJsLy jl (jsyj j p .~>x< 


fj-sr b -j -^-1 ^-b Oi> -^3^ oLj *- O-^ Ijs?- i O ry tsb 3^ d 1 ** *>.dm/dt a s ,*_iIj -ob cJs o 

.0x1 ojO oilOl I.L ry ,.jV Ji.iy Jyt jb jP-a a idm/dt ,_sl> A-m^jl ..Loil jl ^jl*- ^b ■ 0 * J ' Ol-1*1* ojl^i O i_,y» 




py cky ^ o ^ 




- j* uy ^ 'j - jj* lSj** r*- J 1 <_^. ^ , j j "cy’ ^ 


y Lo .si -I (^ y jL j^-) 0-S” y Jl?- jj o!jS j (^y ®-**jlA^j Aki?«ja) olji Jj«I— U ^. i — — Lol -(a-rcr! 

jj l»l .j jj jl£» lj t— "V aLL* oLLS' jl y y jjjljjL j eiy OjU XL ot>,y oJl?- jJ jl j jjJ a^ x — — jy '—*ty 

I g ■ ! Lj tJLiU £^L>W5 L |» ■ «■ >■ jljl A^_— jj j^l aS^ pXS^ O-Si y i jlj y*7 jL“ iS ^ Jj5* ‘tbs' i_jL—>- l 

■■^yy j ^ 1 


LIj ^glftffr X *——j iSWjlj (****$« 

jjho^ il-oaJ^Li j^Uxa .-^}y c —-x LL jLj>- «•-~ »» jj lSWjI) (*~*y ( -JL- iS^y i_y$-;b— i_S-^Jy j* 

(_$Iaj jlj j»i— y> jJu jl y L ojta j\j» Ol jl £jU» L j j*x~— jjy a£ 0 OjL aLX J_p- y (^Lj y ^»tL XjI^ 
«Jui jL> oJu& <£j ji LL jL j?- *S «X*Loa L—V aLLc* jj jljJ^ I j O—Oja j»J -X—I y)y 0 J y ^^ 

:jl o-l OjU aS o—I 

IM 0 =/n'(t) 2 rf 2 -t)|rf|) (t-W) 

JSLi a_, d)l yby I j jj—>j* <kbua tJ-iU oJl^ jUa ji jL y y J y j <J*jjj ciU^ j~* 


f ZM 0 =ffl'(d 2 xv 2 -d, xv,) 


(i-^^a) 


y>\j->- ia—_jJ (l)ljj(_y® J>*y J J' 9 .X—li^ O OjIj jl A 2 J A\ j^lC—O ^2 j d) ^ 

jl^o (Jj;? (1)I_^P lj G £ J* (1-^ 

y-i—» i j>JlS (ONl— oJ OS ’y <J uy >y ji *S X Z ~~ A jL *_> Jflal jj j 1-\A 

j*——« jl j J La iaUjjl IJ t yj^~ iSy*Jy> 40*^jl*-« jjjl aS^ O— Ij yy XL .Xjlj 

.X—L^ya (1) JjJ (vXaj^o ol J—*j J (1 )Ij^>- 

Xl—; jjjl jJ j XOA o«^jJ OjIj Op y L *£ (JI*pI yiS**i &\y y ^j (J^^* 4 

Lj j 2M 0 = H 0 j 2F = G ^j-^jI—I Ja_j!_jj it—t j V— \Y ^La^^L^ij jj oX— ^1—>ul (_glAiJi->»j <u L> O— L y-y 
ijy> jJ iajii J yy OoJjXs^a .X—OjIj Op^— L iLSy JL>- jJ A^ Xj— y Jt*p| ^jIa^O-. — Aj 2M g = H G 

.XL^ya ^jSL Ojli py - OjjJ (jLaj Aj O—L aS’ O—I 

jj j X_ao_^ jLXJ I j Lf Jyo\ iyj L? a—S' eXJ> XIjl i^IjL b\*y JJaX i^l jj JL* ‘ jj j X jX JJL— jj 

. 0-1 aisL JbX i-\<\ j i-\A o^U. 








j p t A ..laA* ^lx>^ L jL^- JLi ©ib jlO> tjj 

//^q ir —^ *—'-!^ c£^ f j"^ R lSJjz 1 ij^>*-^y (a) ■££ y *—J^pO* Ij V Op 

ji c~f>- ji j v jl yS u OjIj o s-j^ «jj o ^I^ia (b) .jyS yyj I j 

F _ 

.yS Ijl. I j \ajj*j ii yy e 



^ _ y * *S cJb-*' jl ^!L>xj ©Ij^-A <j 6jJ iljl ji Kb) C■■<> i »im.5 c^^- 

4—J 6-X-ji lj-^Jt«« 4-> 4Jil** , C*o il ©0£ ©ili jLO 6^J* 

V 

-x ^_j j jij_> o>LJ L .iJU pI y j ■* Of>- jx*-* 

iS*jjj V S ^ s> j~* ^ j>~ v' Op j~> j\j3l» oS*l5Ua^?l jl ^ 

Op(^ lA4>i3j^ olO jj-^jI ji . 

Ai> t = t/cos0 -u = -u(l-cos0) 


Au v . = t/sin 0 - 0 = v sin 0 

1—\A 4Jil*-» ji jib jlji L j m r — pAv 0~<l y)y ^y O^iyr jljj* 

[SF, = m'Av x ] -F = pAv [-u (1- cos 0)] 

F= pAt> 2 (l-COS0) !_jI y 

[ZF V = m’AVy ] R = pAv (v sin0) 

R = pAv 2 sin0 ^y 

u o c-y c5jl^ L o*«l y\y yjy j J Jb~“ v' v ^- p y '■•^y ^^ y *y, y Kb) c<«■■. » ■ » 

h<\j ~: i^g\jj o~jj o»^ ji >op j~* ^lji y .joL ^4 v — u y-*-i °y o ..-*--j JL^ o j~> 

. V K —(v — m)cos0 + u :^l_^Lo .j! js b 0-«l y)y W jljc *Jiy . 0 ^1 oOi Dili jLO 

:0—jI yy x O^?- ji Op 
A u v = (v-u) cos 6+(u- v)= -(v-u)( 1- cos0) 

AUy = (v — u) sin0 Cjjyjp <j jo*^?- ji OL^?- op^ -(u — w)sin 9 l> o>*«l u 7 jl y 4j»J y 


jl yr^ tjlj-* y) ■*jAy j^j Ji jz*j Vr- yy j' °‘ w/ ^>=r jb>>- jlj^ 

j ky a ji (Jjj j' j^j y *5 tO-~y’ dj^j-J; jl yjy 

m'= pA(v-u) 

r^jli 0-1* oji i—^A <diU^ jl jO *y — *l* j ( J ~&I JL»p1 L 

[ZF t = m Av x ] - F = pA(u - u ) [-(u - m)(1- cos0 )] 

F = pA(v - u) 2 (1- cos0) 


-r^ 




nr cMrr 


[ZF v =m'Av y ] R = pA (v-u ) 2 sin# ^y 

JuAc Ol5o 

,) if tjJyl /I/it ^$Xfit fjlfj /I/it b iZmuI fAfi V x ,) yu Ju ./ulf'ttop {£(jU>LZ^t Up <t/ t/LiZuil t-lA <t])lxA )! dJ^alSjA 0 

■)s-&) ^F x (Ski (yZwy j) /ib, (y/AtA ./ipWfjt t/ttlui X lZ-uXa 

./lilbfjA Q = l/"° yj/yj F (jf/jj /l/At /^l/t *1 Mfl/t 4lfl/ 4 U f V fpUt /J)lit (jl/l <V t/AbuU Q 


(Jjj y j' jjfa* <; b m 


f — P 4j^dOJ dJUwuuuO 

• v, <£ { y 

.j^S j~jJ tji 


^l—>»jl J tZji tji C-P j~» 4 j iC—<1 oJLi oib jLD t-0 <iji R (Sjji 1 : J ,> ' 


JL^< ^y~>4 


j' -H j*^) j' O'jj W -vi—I yx* F iSjjj ±a~>y txi ^L>ll JS .x**^ 


[P-Fu] P = pA (u -uf u (1-cosf?) 

iy~^ '■oby? ji)ji j* »ji <~£> *yrj O jy^> j* JS\Xa- X^y C~f>■ v 


["—=ol 

_du 


p A (1- cos0) (u 2 - 4 mu+ 3« 2 ) = 0 


(t>- 3u)(v-u) = 0 u = \ ^y 

^ — i j eijZ !j jL yr 0=^A* O <jjlj Ij ji~*> y*j jljj u — X) y>u '~r > ^yr 

•X&y ^4y b J Jy? Jiy~~?. ‘ M j' j\XLa 

J uA o 4 J&J 

(JL-W t/-J 0/—l/*& isbb 'iHi/P '-^LUJJ (jlb/iilA fJiu if yJtt /) ./yu/fjt (JUaI t/J <~Ju <U Ml? (Jjpkt <laui bujJ /) 

/I/-Oa 4fX-tM (J-lJ Lj '^/(jt XpA —(l) u) tfk <tl m =pA X) Haul /) ,)puj(jt jQiujtyA /mM 4-r^uu if'JL muI (jl/JJt (jbtA <Oyjuiil y I 

o U ~ v/2 b' /j)/J' U iiifj 




'f — V 4i^(J 4 jL'j yMyQ 


•H jta C oA> j* j A 1 j>- ... (^Ijb B *hZ jj 40 JL^- oj^-i 

W_ 

| *■! ^ j' <_sr-^ -AAL^ A„ <J*jjj 

| £jl—;>- j! jl l> c~p j-- l> oXi ojb jlAJ c~$>- jj j «J-i Jjlj iS^jjj 

P LS -^j> <£jji<- T ^XlS i£jj? ,j\ji lj t J-iL. OjC p _/! 

.- L —j<Jj 3 jl C <di«j jj M jjh.t,^ j 


lSJj? 4 ^ i£jj? *Xa$ jLA> tO^ Ojji JL--1 _j iljl 4.».wijj 

j~i JUaII 4_i“>U. 4j j jLiU^ M j F 

^ ^ A—I tfJjj PAo Jjlj 4C—I J-al* 

•X&^ ijlj J^r - V t 4^r’^“ l ' jAJ J_p-j ^ ji 4^-ill o j* 

'•*£ xS <_jL>«jI CjU Ij O^ij^r 
Av = A 0 Vo 

■ j* b f-~V* J- 3 ' i-'A <tal*> .c—-I j* JL- c-pj— 4 Ub ji ji aS" 


[ZFj =m'Au Jt ] 


[IF, = m'Au,] 


pA 0 -T= pA v(vcos0- Vo) 
T = pA o +pAu 2 |-^--cos0 j 

-Q = pA u(-t>sin0-O) 

Q = pA v 2 sin0 


■XS^» Jl*p| c^- > - jj lj J^l i —^ aJjIjw 

[ZM 0 = m'(v 2 d 2 -t>|rf,)] M = pAv(vacosd + vb sin0-O) 

M = pAv 2 (acosO + b sinO) ^y>r 


./uf <tay £-H j £-M iZji) 2 bu <-*fb pp ,p ^w> (5^ (jlfliVie- <v jp/a* 
A-w (JUlC-I 4 / puX 4j <jf/ ,p ifJ^uul (jfA C_>ll4 ,p <0pi fj p,lp ypIXuf p l*PfJ iJUf? (j/j //^// /£/if 6 d/Jl^uu fj pjp spUuf) l*p/jJ 




HA uskk ok>> (_r^ 


'P—A 




— 1 i'JJi (Jl^- ji U C-u1j L <S* AM ^ j>- 4j C^>“ t^bk-Jil^A e$o 

k _, m' ^ L a^L Jly>-I ^Ujl^ _, xSy, ^»y^ m'„ yy y k 'j \y» 

(-J j .,<*• Itlf OjI—j yl U yi .-Li y y £jl?- L-^IjA ^ k ~~!—*' M £~&y 

(Lift) Ijj c5j^ jl xJjLp U-j!y» y ^j'j ( _ 5 $L*L.ij Ji I aJS' -zyy 

c ~^.~>- <-i^L->- ji *£ D (Drag) l —j ^jj «j j (L—>1 j\jy c« 4 >- y L 
jS\ ji a_£ c—-I fL: *X>j£j j* D syy yj> jby 

lS'j-! ^Ia-LLc .oij—iUul yjy j j^> jLii 

.A~S !_) T (Thrust) l jL >\j i£jy j L-j!_ja <xSy 


mg ^L-fcjtf J C-^j— t ij_A ol^Jk Aj U^IjA iljl K+^j JSLi ji : J>- 

I . jLL I j l—j j Ijj iOjj i£jjt> -kib j a J— > «^b jl-L> x~>-y jl J-^U- O 

ji ^.i.4 j q.i. .. lj ^XjtjA Abl*-« j o$J> (jLuiSt L>—jIja <j \j x-y Q 

.^S y JU^I <XS y Jb- 

- jl —iy Ojj ~<3 Aj j ^y^y L*-jIj> i j\j — y a, C —— j C-~t-y OjX kk jkj^" Olj*^ ^ 

j—i j lj_» (L-a -j « jLj_j>- * > Ajl^l-X^- jjk; Ij i — M 0 ,x£^ <SJ> Ij . j- .-i i U C-C-j-* 

(.S’/o ' <> j x C-f^r j 5 y y*> ‘Ija jk>=r -(*~^JU^I 

A tv, — — u ~(-v) = -(u-V) O 

:c—-I (.S’C--.J j a: 04 ^- c^>-y Ok^ y yy j 

Aty = - u - (0) = - u 


[ZF r = m'Av x ] 


- mg sin0 - D = -m a (u - v)- 


i|*jjli c~«^(p jyj j jl jj-j .c.—<1 oJLi ^1 ^«jI in^ — m a + m f jl ji 

m' g u- m a v = mg sin0 + D 

.jLiU^ | V ^ - — y * <XSy- *£ 

J-L_« O jy^>'\ j* iXx£ jyJC jjl-- J \j* 0*j** J* j\J JJi /I 

jlf j JL*^I j—xjy Ojji *-; Ij m„V ji\y yjy \y tjl aS” C—ib py>\y- J^Lt J^lk* ^loJ-i L ^jL<A- r i 

.xl^y ijlj f-jla-* *-> Ij w',U ^jy yTjy 

y —>1J I^jy> (jl J^ A_5^ C -I a-Ljj aib jl—L i Ao -— I^ j ^j—jij^l ji iijS^J* jlOilil— I $jy» S ljAJVt aS - ^yl-ta 

•C—I aJ-i jl^ _J I^A (»^-aj^ ol y I jrdj^ib^ oJ-i ^jL<A—.i 


O 




olji Joai 


U-^Ija “V '—*^° jl Sj-i<y* u^j* ^ 

1 j-—i>- Ij i _j£—ilj j Ij nig — m a ^•j\jj Lf * *£ C - ->«l nt a jl jjS x*&js Y Jaib m y S/j-*j«^ 

jL 

T = m' g (u-v) ’■'~j\yr 

Ul . J. ' ~—-J JbUs jljjLlJ. ^lAjja^o i jja ji L# Uj ; J <J_j—e»t ^ £ .j*jl«ila jl^i ■* JJ* IJ OjU C-^ j—< vlJb- It 

I j r - mg sin 6 - D = mi) *1 oj\ j j o^ oilii~.l Jjli oJLi Jjo. ajj* j* F = ma AbU* *£ ab jLiJ jly ^ 

.C—ijj Oji^j* ^lla^- VjjJb 

JlJLo olio 

J, o??/i ;£f<&;&/« /f' ? lS)9/9 (5/>* &k/4 }/A if'Muftop! O 

•/±4^ (/ £ — ^ (J(M(jjiA> .j«ul6jyi jko iplmJD (Jljjjl (Jl& y ) CmjG c ftu b if '_/^au (jLbyplU {S/Jy(fj y) Q 

iG-UjIy (jLAM y) ~ U C^e-f-tU Ll £ 0^ Ak y) U <^t£-fJU (J Iyl) ^JMUMl 4/ (J I^Hjjf^jA A/JhljUA < |«ill (/ Lou! pi> yipul ff] Q 

•)JA)(jA ly —U—(—V) = — (M —U) <»£//, ,<Jpl p (jbgj )J)t&t tjufilij ■M^jA U^j ly 1 HZuuW 
LaI >>9-*(jA JLamI ,(jfh (jJpl y) AMU 0)1) t)Ubi Uulpjb J/V if'J^uuJ fjiyli (JpyJ K-fj_ y) ((JJIy IS9/M1 if' «*u IfjA (Jpff Q 

■)/'S)Lu)m (Jiyli (Jp/jj ijf (jlpk- Hi lyjT UlpifjA 



rw J 5 L- 


j r. m/s opj- l J\ i-rr 

Ji *—i ‘y -la- -y j a-Li £-jL>- ajj»0 jl »/«0 m^/S 

1 *° “S:j'j 1* J f-i-Z <Jj'—• jlij^- 

L> J- 5 s j-^ (j^- 5 <jlj> f j^ F iJjji 1 - J 

.si—I > • • • kg/m 3 V I JlSU .juS 


F = Vo • N v_,l_^r 



f-rr jsLi 


Jj jij? fl&A << y\ iSJJ jlj ( _ # £~>’l l -^d 

v_jl V* km/h ^_y~i OP j-" yiyy. J_y—' ' >1 

V '^y^* J jL> ^ J* jl 

.o—»I v* km/h ^—-I <j c~.. j (jijjj opj~* 

«Jj-s-i jl */*AY m 3 /s ^3 L_j Ij v l .^CJ ^ 

ji Ij V_jl ^jl— ia --OS^ <-SAS 6* mm jlai *J Lf ii\ 

■ 0>S" a-—uL»^a e-Li eob OPj—< ji ( _j^~'l aj-b ^jjLiu 



f-rf <ii— jso 


(JjLwu-O 

^'lojJLo JjLmmO 


O- jyy -la—jj cajLL_« ^^Olajl ( J*»*jjl L—r\ 

i£jy-j 0_>b aJ—i ^Ijk (iJ^ 9 J C-J y o 

O = 0* • km/h <_> Ij Jj_>- OPj_- p\je- ijyy. T Jblj 

tSjjt~> *-% J—ilaib jlO til; ^jy ji OLbUjl .Jjl —y 

£\ -C—^l ^ • • • N J— >\y OPj—a jjjl ji IjA jL y OajLia 


^ij_^a A-, V\ kg/s jlj-— L. IJ Jj_>- O^j. 

J-sr 4 ^' *—! ^-: •••■ ' Ij t_yr jy iil-*j^ M C-p 


J-T-T 
»> iJl»l_— y 


u = AYo m/s 


.jub" 



f-r\ <JLO. JSLi 


l. j \ • • m/s op j_~< l, Ij_a jl ^ r-rr 

(wl—• «j-J la. — ajj J aJ—i ^jl_>- a jyy jl */Y m 3 /S ypy>- 
Cr^l- 5 t5'ji f j^ F iJjy -spiS '~*y^» (jl^jljll 

Y/Y»*\ kg/m 3 IJA Jl£>. .JL^ V-U^a Ij aja 


y 



f-rr <JLo. jsLi, 









rw jsi— 


j Vo mmol—(jiNj-i i3jj 
•/! m/sc~£^_* tjljb *S 3 Ac* 4 3 j'j VY m 

{jjjz-j <■ T .^^IaLS” ) ^ mm a_( lj (3 jj c—_j 

lj i-SLilp jj jl i-SL-> yA L^JliLlL jj ijlj j A*' ^tj 

. J . - .' jT <L—1>— 

r=«/vN 



f-f 1 <JLL« JSLi 


A— Lr-j'j f*-**^**’ 

jl u —i ^ * * km/h jl jl c-t 1 _ ; i»fcLS’ c —>■ j>>* 

j^Lla* j—.iL^y* t} 4 ^ 4 

jj-jy (j'j-* £\ -A.* 4 ^*A-* L> ^yrjy- ^ 

ji */"\o kg jl c^>-j ■..*» »wi j*aa j 4*JC o* kg c^>- 

JJ-A ( A-'*J n j—-* ^ - ^ ^ 'j jA tS.>A 



f-f r <li— JSLL> 



f-n «ol~, js^i 


jl /9 _} /4 £_La> grig ’* L; JL— JL^>- 1 — 1 * 

jl-L*—i 4— ) j 0g»jL>> U J~* L AjIjAO 

jl ^"o ,..» 3 .C.--«■•»! —£ o^b (jUb (jl AS* Sjyi-ji 

j£\ <-»j-x^> A* ,s ->'-' <i>— 4 J j jl l -^d A OL>>- 

(jU> J3 j~* twUiL ^ybjU 

j—j *y-+& ^ybjlJ ji a^jlj {£jj*> j «CU J-aIj>- it) 

J—A 1 4—_$* I —y A->i.^l> j3 .3 jj JjblL ^La-w 

iai>- ^bjlS C — «. « .»ug j ^ j tly F (jUI 

(^1—AilwU^®l ji ^—Z*AjA — 4 j jU? {J***y -<XJ* J-aI j>- 

C~~*J>y ia-is- ^\j-, A^J 1 —' ^ c5jA J *3** 

ij Qf j Q\o^.j>- ij? a* 4 'j A l:, ->^ 

■ oli^r j' 3 c$l^ 



f-f • <lL-o JSLi 




C- Jj Oa— 4-> ^»\j\ 4_J Jjj j X^a J» Jjj 

Jjj j J L> -> '-^ij'-i jk-— 1 * J,i '^’^ , - 

y> _j—as*a jj j (jljli iJCjL ajLa j i_>1 Ja .XS^ya iU«jl 

Y(Y ,_r ) m 3 /min ^L, j ^ Y \• • kg/m 3 

I iji*pj— jl_u?j^ *\ • .,jl* j** L» u-'l o^Ltw»»l 

tiJjk eSU^' j' *»jXir* j' yjy 

'j v' vJL ~^ ck 1 -* 4 J j lijj jr- la ^ til* ^ f jy 



f-f i> <li— JSLi 


j ^ n. kg f ^r ^ijb V I ^ t-n 

»a •/Ho m 3 /s jjjLlm ^lijjl l; lj v i 
j-~>- ji lj —a-J A a—J j »\S<Sj yj R j*Sli tjjjj .XZy 
JjL*^ jl yy lj ^—vj J»-b -OS' i_~*j jIS 

iiijj? j j "V m £UJjl j Y • • mm ^lu <_/! jl y 



L (_^I<JjJ jl lj l^yA Ok^rY" k C i—if 

fl O-a —3 jl V k I y\ J 6i £ L_~»J ‘JjXa ^xJaAa 7T12 

jPb j Pa s —*j B j A y \y .£>\jy o 
oJ—5 (^L^aja .X-^kcr 4 Pb j Pa j->\j> <■ jUjLii 

,jL^»ji jl jys- jl ^ lj I_^a ijj_p— jk.r’r '■B) y y \_^*Jl 

R ^j-iil XxAjj jly-> ^yjk* Ja* 5 - ‘ C 

-O^ jL; 4 A ( *Jai* jj ( _ J iS’l_^A (_$UaJ g»j ^ ijlj 

= +(p B -P/i)j vV 

Dia. 

= rf 


f-fr <JOua, JSLi 

S-w^j A C-aU ajjj jM 0 m/S k Ix* t-ii 

• aXlj jjjj> (_y~;Lajl a i-£j flC ^Jaia jl j aXi 

j Y * 0 • kPa 5 j *LiLa jj < _ y -—J Ja— _jla ^^SjjllMil jUU 

Yf/0 kg/m 3 j— >\j> ,jLjj jj j jLXi j_j| ja Ij_a> 

j—jl _,j C ^Jaia Ji ^ - ; ia_>a yu> jLjj .X-jkc*’ 4 

ajlJLJl VY W kg/m 3 ajl k >1^ jl J* JlSU j Y i kPa 
J g-a •jjyr- B ^ y. T ijjj? .o-l exj ,j jS 

—1>— aj jj ; — ( ji— t b _i o^U o^>- lj j yy (^^*a y* 

• JL^ 


f-ff UO- JSLi 

<i'- fc (3jj L r , J r-| tiU—“JJ jl (jSk 

“r’' -^k^ ^k /-k v' c5. jSj^. <Jj^ 

j l a* k A jl Oj>“ .Jjb al*a lj e^L«— 







rn jsL- 



A <JLLuu» jJSLi 


j L^3 c^—^xj "l kg/s L <!jJ A jt \j* 1 — 

B Oj_^ jl jj>- jUls L j oJLi $j\j ^ i • • kPa J 

-> to m/s j-»IjJ/ 4 jj tiijjj 

••*—n^s y)y.B ja t yrsy- eS'>* 

aJj] A £_ki« jj I j M ( _ # — j V ^jj t T 
vo •» mm j—^ji A ja o\—>.j*r ^ t»<* ^rl» ■■» .J—^ <_jI_«>- 

T = VW kN j V = VAV\ kN 
M= vm kN.m 



F-M <11— JSLi 


{j?— lt» i-^_ >_ s£\a£- <j l _ J JL i L>jT i_S\j jj i—iV 

_>j —L-uS^ cSy- Ajbljl xjl ysyry i^LU^jlil 

4 —; ^ " a J*S A_S" Sj '* {y“ *-1aLL» io-Ll oita jLij JLy~3y 

jl Jjlj ^^Jil <a * k = ) o kN/m 

A—; iOSji ji e JJ^r* jl L y~jy~ '—’I jlj j>- <-* 

jl ^j—prjy- yh* .JjLj^ jLSj* yJu \0* mm »jlj_ll 
£jy->- fl&A ja v' jk.rr u V* mm oj^~l 

olj—*-® a_j i ——«j a_£»j1^1» yy*LAJA ..Li^ Ij jl 

(( " • •»! jl^ (Jb“ jA 0 «Ul 8 ib jLLl C.;«jy ji *)oyjA ijyy 

.JXS A—1>%* iXS /4 J-^ajlA aS^ Ij M jjllli* 

v = oi/l m/s j A/ = YVA kN.m ^Ij*. 



r-ti>Jl ^I/jjU» L-LA 

■*-4-—'^i '^j'j s ’jj'-* o-i 1 •£*—-* Mg f j>- 


L-! B ijsjjj ,jlJ-iji> jl j —jt ja Ij® OijS" 

IJ Aj—?- t C A—*J>-U jJ jjijij (jl aJl>J j jjJ^ a ^(3fla 

'y> tJSjjj c^s-y J$\ .ajlj^y* *£> jyj jl ^liljl JS 

j^ai Aj J^jl yj Ja~aj^» jL L) tJjala 10 m/S _^jl y 

|_^a yya^A ,J_^ A.-.U.. yj ^Lu- jJ Ij 1 m 

.JLil^ >/T-I kg/m 3 







i_5n_j j | *S ^yljja >—'jj*.-*jJ 3 i-£j 1—OY 

._jj_) sjl— jl lj aj?- «lj >^la...* oil?- t^jj jj Y * km/h 

<J_jJ jl lj tj j—i A* Mg 4 _-L > j j_* j 3 v—»jjt_»j—; jh 

j jj* _| «l£i—a 4 j o >.-j ^Y m/s L aj>- lo° ^yrjy*" 

u~3 tS'j-i i'-^' Ji ^ cr^J -^jiJ^ 

j—ji /? cS_jjj _) •JjS’ »_jL->>- Ij jajj 

.JjjjI 0--b Ij *ibr j lf>-j^- 



A ^ 1a— j3 HI ^ O JIjIS^ ( Ja*ja jj—S'ljA 1—6* 

jl U Opj~* j /3 Ij IjA .0-1 <I3j? jl_^ p^la Oil?- o 

B t _f ! rj y*~ oIa 3 jl W Op j— Ij j «-l— o_uS— A <11*3 


i ajlj /? i£jj? c^ljj t5l<lajlJ .Jhka j£ j\ji jr jLii 
.JIjjjI Q.jJb ol^'uSsj la —jj ( jiS^ljA <uJ 



v l SiU jLii o_~ ^LU^I ^ 1-0 ^ 

&^-Lj*r cP J*y crikM ^ 

^ lad* ^tla „...»*» Lj u5o_j ^>* (j—tri */YA* m /S 

^ la J7 J ^rr la — .3 j__j^« —jl? j_gjl -— jj Is Aj Y”A* • mm 

j_ial3j^s t_> .■>.. ■ jl-i^yJ A/A* (\ • ) mm j—>ljJ “IjIj j3 (^ajjj 

r jl-lS' t5jjJ * jl j_>ji S\ j J> Lil^iJl J~i jj_> jl ja/ 
B ji i_jI t_^ljl —~t J—jIj ja Ij M .!<■>- jjl : —t S j V ij*j —; 1 
^'loJ jlii .o-l \ • • • kg/m 3 sJ J&* .Jbjjl o-x 

• JL—Ij^^j A* » kPa ji\ jl B j3 Aj tj Aj (_£3jjj I—j! 
r=or/‘ kN J V= *AA\ kN ^Ijar 


c - p J-- h J>- jLl* j L*3 Oa>»J Ij jf J •JjS’ A iJjjX* 

II m is jl_— i. JljS j_—L>« j ^ o• mm <o B ^JjJ jl ia 
^I jji OPj_— L| o^ 3j-^- jyj* Jjjl» jl <«Ja Ji Ij IjA 

jl_J ijy jly J\ .xS^ U A*r ^ jisrio* rev/min 

*x~~> j cPjjj aJj] jj 





rrr jit— 


j p l_j—i» jJ j ..—-X jA j I jA L^l^k.^gl jl 

,x£ 


v=z \ Img r= _ m S l*ng 

r\ np J Yr \ np 



j - .f.) VTOL jl £—0"\ 

<_$!_» jl? jl L# —ilj s->U—1 J>\ ji C-*I jili c—-L>-^> 

(jl^—lj a_? j j—i xiL j-z»j jl (*^Li jjJo <j Lffrjj*- C->- 

J jr—'L’Vi c *<- s r- ® - ° *i j'j J 1 ‘J^r^ 

Ja- c..*.* <j j c-$a- d = < \ , ° <>j\j b j JbU JL«a 
ji .x-ib^ AV • kg ^-<1^ »->—-i ti1—ljA f.-t? 

tJ— S^ «il < »..«! jlj_l J— £\<i^ jl b^jjljA ^1 ^-a 

<_»—;■=» '-< 'j '>-» ‘^—1 ^r*yjy <—; j^ ^ ^ ^ iyy 
jyy ,>J j* £~>-y* <j Ija C...J j -uS’ ( _ y » >-j_ r A* kg/s 
\ > Y * m/s ^JjP“ ' J-> jl^ C*pj~- \A 

l, | Ij__a .J—JiL^« j_>- jl —J t i l—* j—ol j 
jl -Y kPa jl-ii L, j VY*1 kg/m 3 
•*j—\/* J&. '/' • m 2 jl JJ c-s-l—» ^ 

L^* ^b—i jj-b j <£*y** ir^-ji bJb- 'j ^ *ij'j 


■ X^ <wil>«A Ij fly lL*-jl jA 



f-6f <11— JSLi 


ly, aSLaI&a Ij P jl ji cJLib •/Y’Y kW ^ 4 (xib 

.X? AwiIaxA k__W 

P = *AV^ kW V 1 ^- 



f-6r <11— JSbi 


ooUl ^ * Mg <J ^Uaj C~>- (^IwIjA i_Sb £-01 

4_> jr^^S- JJ* f 1 ^ 1 *i Jjy, 

ji ^5 L-j »—43 y jAy lSL+S Aj tO^JJ 

£A kg/s ji/Y-Y kg/m 3 b i^ J» 

J-iJ* jl - ^/‘ kP a jLjj ji 

<-£) lj_A (jU^Jj) ^Jai* £k~. •^tS cA^* 

^/M* m 2 (Xl<_a^ jlj_5 Lwl j-a iJLj ji ^laS' y» 

jl? U C-C-j_-< J sJj—; ^A ^jI^j C-s-j-u 4j IjA C—.-j .Xib^y* 

-t_;Ui ji jljJj-j jl—ij <? c_J 'll* m/s 

ji Ij fl LmI_j_a -i_J_jl vjU—Ji .xlb^ j?» « 


..ly.fr c«bi> Uy. j jJLi bkj <da>J 



f-6f <11— JSbl 


j —> ftl tSljl' 5 ‘»xl oita jLL) yjjiJ l* £—00 

jJ I j Jj>- ‘j^jb vl~»..-i Aj IjA 0_yX L?b (_jl jJ jj~*b b 

*_?Jb>- jJ .Jjlj^—• A?j Ojb IjA ji eXi Oib jUbi X-J.OjA 

t ^ ■ X) \ZS > y +» .C—*»l eJLi o^b (jlJL> I j j* 

ji t«J—i ^«LJ IjA yjj/ZsA^ ^Lao^j h~*iy *£ Ij j^olj 

j 6^j—j r ol— ij>“ j^ A * ^L*-i ji S ApfT jij 

II j jyy iS^ji f ^ oIjj .-Lit j>- jLli 

^ j* J 'j* tr^r- j' 






f-6A JSLi 


j la i <j d4 djUbJ jl il^A j^t jt ‘" £—OA 

6 ^_j j (Jjj • m/s j,\ y _ v c-f-j-, L 1 • mm 

j °j—t y. ^-•* 1 ' oJLi o.ib jLld jl ^Jajid 05 

f j-^r L-; ji y—i >-U i$b' a jl (JlS Jl^i 

J_j_?- d_jbljl d—PJ*->*-* J J .Salary* jl <j J .,fZ~.A djl y^i\ 1 kg 
C — tji 9 djjlj .C»<«l o-Li | J —flA d 0 jl aJjj j5" ^^431 jy** 

jj _SJL» Jaal jZ> C->vj IjA ,-LJ^ i_jL~>- lj jjil jljULal <u 

.Jjj£j Jaj ji jj lj CdLxiyi .-Lila^y# VY»1 kg/m 3 
0 = rA/Y° ^,1^- 



f-M <!i~, JSLi, 


$ >- 4_S" /4 ^_J-SJ aj^jJi tSjy** ^ aA4 ^ i-l* 

jL-ij J5L-.i ji —• jlS^ <; jl <_jIo-Up (*-«■ 

j i Jo jl ( _ r -b"-b j i y> r jl_ >■ aJ_j 3 Jl -<3 ~ l .c——I oJ—i «ib 

lj_A jl—>y>- JalL* jj tZLjjkj t5ji» 

p = -Yvv kPa) 'j—yr Yr« mm <.•>!__>- .j-JjIjo j^-jUL- 

d_!_j] (_5lj_iil ji jLJLs j o-l—s jL>u_I ( _ J _j jji d—!_jl jj ( t 5r~' 
l 5-'^T '-! b-* (p = °) j-jr jl—ii ^l^i ^jl^ 


p—>t>* 4 _Jl>xj jjJxw* 4_J ^jLjJ l 1«4 J l5o i“OV 
di4 —j ^^15 JJjJ jl jl 

4—j J jl l J A jS 6jI^5vj 

4 -^>’ J x ' : - 4 ■■?• y b ® lSj^ ■- u ^ ( y> jl^l 

jjj_d «j—j* ^jL>>- <_sbi 

lj~ —^ y J jb <u^L>id ic—l fj)i 


d^l—^ j c-c-I— y 11 Mg L;ro* mm ^Jai 

^ro Mg j d_iiL jl—i>>- (p = -Y , </v kPa) iy^r Yr« mm 
JUiil $y~ 1^ 1 * m/s l! *&j** L Ll«pL->d y 1^ 

R x = VlorkN jfl^-Y/oY kN ^<l_p- 



f-6Y JSLi 


j oJ— y-y^ 0) C~;U t^l^djlj I; (j~“ldi~» , l t~OA 

^-t j* iSrjy- Q Id b v' 

»ij\j M jjb. — 1£ (jl y (.jU^b -C—<1 d4 jdljd ojj—j j\-y? jl 

^Ijl <j .JsS Jaip- I j j>- *S XuLj ^jiljv^l jj>v j, 

d_?- Jj ( Q ^jA*a o^-iyr ^y y> j j*** jUb ^ 
jLS - 1£ d_ij^»«-A JL*pl jj-L _j i jiLi_ jI G) 0 (_$l4djb 
^lid ji p b >_'T £ a*l y>- 




rra ja— j* 



f-y\ <JLL~, JSLi, 


ojLjjJ '-^i ► t~Vt 

•*— m = ^ Mg (*>>- ^b'® ^1 jk *jy~s. 

i-io aL,j C-frj—- L ^ ol Cjf i-So Ja—_>J j 

<> jj$L, cJL»- jl to-Li >_ w aj <lw<j c..ij <i *£ dLo> o JllS* 
Ja-'jJ i o J -JZ~' V j ».l»l ji C^S"_ r >- 

j-ki o <:Ua jl J ijJ-tS x)y lj> J»U- jji-.j 

•"^(j 4 jb.H Ojjs —! <jV= \o> m/s Oj- LU' mm 

-L-tf ja ) • ajJLs- t«ji jl y& “L i 4 .L..,-j /«l c~*jLi» 

L*J j' (J-4 ^ b u '~~ t ' j*- >1 jl jjj 

£~® ^l_il jl : Lf jUjjhlJ) . j j£_* cJU- jl jxi 



f-ft <U~. JSLi 


ja ^ ^Lai jl jLii ja M Mg/h ^a j \/T• "V kg/m 3 
C-c-j——- 1 —I C-c-l—- ja lj ^Y“0 Mg j oJ_Ji ajlj oljj 
jjj ^ L-» Lf —'jJ i Jij* j 1 £ * ro/s 

j-»bi »J—i ^_»lj/4-/4 ^ .l ao < ( j_j_ ) jj c — »-—i ja (_$lojj...i 

4-—-lav lj i4-/4 ^JajU JLuajl ja aj>- C jLij t-Lil; V • kg 

.JL^ 


c-noN 


-r’b J 


U—375 mm.<-j 



£-ki» ja CoLJ lJ j] <_i oS - (jloSlLa ^.i ► i-"V\ 

I—! b V* < —^ —■»! (^"1^ jl*^f ‘*JLi A-/4 

ja tJSL-i J 0 LL.J i-y k^Jl^o ja )/T* m 3 /min t _ r *j r o- ^a 
j_;l^ A-/4 ^_Jai. ja ol jl—ii -ij-iji Ojj~-> _>->■ jL-ii 

ja jljj»- ^Jai. jlaa .xiL^ gage) ) • • • kPa 
Yo mm l j.\y B ja Li>j oka jki j o • mm L y\y A-A 

C —;jik- tjl jjja >-->l j j;-i jjj jl ja £ L ,C~-I 

-) ^ ‘ ^ t5jjj iV ^,-i^ t5jj^ 

. A-A ait ja i M jjb.i? 
V = VYT N jF=l OAA N ^l_^- 

T= rwN.m jM=ol/\ N.m 





•b?j_P ► 

jj JlZ jt* *S t J-i tob jLLi i-5o ^i53tjj-U> 

^LiTjl <_; (^-.l jl J~«»L-J- jLij cj*J c— jl 

yv* rev/min y \ y ^>- ^1 jji j oib jly r» • m 
YY« • • kW JjIi jjjljj j yjy- 0 \y -J-iL; 

>-» J C~-s£ jJi: ja •/‘l* lj ^jl—i ~bM< 

«—< <_jT c—>■ CJ _ JLi >- JaXI */AC L _^l^ <_sl«ijlj 

Ja— ~.jZ* OP^- .O-.I JalS y>yy jl t£j^l 

•/iV l•■sjLj ^ jlJL u <_$ljl ji o ' 

JSLi jljb l*SL_il3 jl l& y> /I v i o^ c^ 


^j_>- j ,la> j d jLJ >_jl O^- jOi iX-iL »_Li oib jlO 

4-S" XjSy J^p ^ ‘r'f y’j* (jet" 0 ^ 

.JLtli 413^? j\J& >_jI jL^s^ y !■*•* *Ja*> ji 



f -?? <11— JSLii 


<j )e>yy oLJjar *J?~i ji ► i-1i 
•jIj jl_U ^jl? J—ajy <-Sj jl B jIjj c 5 b>»^ y jA o<tt 
j*?l l^sLo (_gl. As(_J jj jl fsA jl oN ya>o> .JCUjJi. 

£jyZjj <> j jyf- YV° Ajjlj 0>J Oatt 

Jjlc-Ut v—>l»Ol »J-i oib jUb ^jljljj .<&?£y ijy-y 

ji kS y>^» ij\-*ty *—I C-:-—I jl? Op j—- ^ijlj *S 
ja— wyjt O & y l» jlilll* ^ *^*"1^ Y • ° 

jl? ^?l .a_ j.T jY vo mm ^U-i ji l*« ,j\y v\ o m/s 

j' j-^ —i jl -iyr I— iJjj jl lo kg/s Lf —i3 I; 




rrv t-Y 


wo f-V 

lj U ^1 .^jib ^ ...■». « . ’ olji jl (_sIap y^y* yi£ y ji jj<> lj eji C^y- O^bl** 1-1 { _y><j y 

j 1 — V t l-"\ o^bLjn oUa y *j £i\j ji *S c->-L- j _^-aj £M C = H g j 2M g = H 0 1 EF = G ^ JojI jj aj 

^j->- j J_ji £ Jl_*£-I olji jl (_J \a& y±>*-a 4j Ljjl ji ^yrJ* <_S!-*£>*■?*'* tOVil** yA ^\y>*Z~>\ ji .Abib^ 1—^ 

■*ji J *i.y^ 

.Ayi j "*■■’ ijlj (_^LajIj JLi sib 1—_j 1—^A O^ibw 4j ^ Z U»y 1—"\ ji 

^j—>■ jljJLs .JU^^4 jyC* ol jl bb jb^>- L-So 4^ Cm>I sJ—1 i—4 j^*j k —^ jy& |» — ■>■~ y ><1 jjjl 

45 L^l^lA .JLib^yS jb>»A 1 —A J 1 —V tl—"\ O^ibo jl sibiz*«l AlySj ji j »Ay C-jU jb«j 4 j .>* 

J®ibj ‘- ti V ^ (» ■ '»-■» - ‘-^d jj* J> syry ^yr 

CsS y> Aj^ljUl 


»*l j^Cj> jb* j A 


- a£ Oi Ji JlaI y>- jl y Ajum y j \a..i Sjy> <■ v —*^^ b*-* Jb- 


•“^b-J L# 4 j^ljljil y^yT ‘ # ^b» jl yLy- j j J* b *& Xij^~j Joj jd I j ^ ->...- > ■ il—"\a (J^bla* Ijil ji 

C—^jA- (_$ll«*lj ji oib« (jbjA- C~f>- 4^ iy^^y l jj>J» .Jlib^ V J ttl b y\y 4j <da>J ^ jl C*£-y* J (*—=T 

Jl_>- olji 4 _ i rn^-i jl »i^lj (£jyj tl—^A 4 J^Ia< iX»y 4 j .J-ib^ o jl y-+^ *£ c. — 'I Uo c^c-y* (_jljli j tn 

m! = m jl y *5 R = m'(v -v 0 )=mu b c—I y\y *v j£jy. ^y* <> tb jl bjJl jib ^bui ^1 y j jb^>- 

cy^ —P .Jjyji^y i^jijj ftlAj iOP y* yi) b aS Xib^ —> C-Pj-- jl-Li* U j Aiy jb«j 4j C..~~ b tTl ^lul^jl jljj« 

jjJLi jj—.v^. _ <1 oJL1 eJjbfw^ 2F ji JL<»-P-l jl £*£y>~ C - f>- ji ftt Aj aS yA^jyi aA£ I. R ^£jyj y 

:b c—-I EF — R — mi) o jy& aj m ^y? c^Sy- 4Jil*^ ^ji 



r-r jsbi 


.Ojb <-SLJl£» U ^jUio ^Ijb *j ,jl j cx^-i jl o J} -o aj ^SLilSL. y 





(i-YO 


jl jl u jl jP—*£ 15 op^_— l—»Ilj m ^y i—"\b «J— ejb <jL— ^..., » - ^"1 iAjU— aj 

j_jI^ l\> y *S Op J—** a—; Ojl Op y jJjt—j j |» 0 -i Olji a» »-->b— jib t_gl^j ^j*il /? ^>jV (_ 5 j^ (JLaJU O—i 

—3 op^ ^LaIS m aS" l^j .JLiL^y. m' = -m Ul ./? = m'(-t> 0 - [-t>])= m'(t> - v 0 ) :L o—I 

j b ...* ^*F .' ) ■ */? mu \Zjj j . i * dO aj /? a>*-J 1 j ji ,i _ ..« jI u — l) 1^) L ^jI^j m ^j^r jl l«X>- 0>l^i 

oiij £F + R = mv aS" XS - ^ i_jI>uI Cyyj f _>■* j_*3b t oiL o£_p- Op- m ^y y ijl_j ^IajaJS - xj y gju: 


O jy -0 A— Ij l-Y * A_bLfcA jl^_J^ .0—1 «xl O— X m ^y ( _jijlj3l oJU- ji *£ O—l (_5l<dajl j jl—A jJaj *£ 

■^iji ‘f^r ^X* 4 j* **? J $yr cri 1 ^ 1 bJU- )^ m t^y ^y AbUw 

.Jj-i jL j o jj—> Aj EF aS - c '-j\ iSjSy Ojj-a (X —y - jy AbUc« ^^jl$j Ji L31p aS” ^UaX 

£F = — (mt>)= mv + mv 

dt 

j^ 1 —■*’ IJ—III *£ ^UiU *S 0-1 (O*ja jl f. X .. — J$ Jb— AS" (O—^ aJsjI j ^1 jJ 

■ u = V J Uo= 0 :j*Jjb ijy Ji y Ji .XiL yo 6iU £Jy jik* OP y l J iy ^y (jijljil 1 ^-pL; 0—1 

{Jp 

p —j jjl O-—J 4_g jl ^ i£j—$ (3* •“■'* b I j Y * aJ^Iaa tSF = G ^<<1—I aIsjIj jl J—31 y y y 0»mj» 

4 -^ yijS\s~* J~~^ J* ^ Oi' £0*~’ ^ (»' : .^ a^jI y -1 »jy> 

l 5 ~^Jf j j' J m fx 5 ^ -O—l JU- ji m i-"\c J5Li o3Ua 

•0—1 OjU j ssy m + trio y}y j*o~— ^1 ^y .oao^ Ij jO— <SL IpaS' OiL^ mo 

Ip— j «Jj_J AXa_—I O Sy (^Ijb lyiy 1-^- m ^y jl aS - ^IaI^ f^=T 0^.^ ^X* 

—*- jjj J j J 'j ^ = ~^ lu -^t^ 4 Jbp.1 /n ^ aj UJo- jO-c- J? ^ Jjlj ^/rjb:- cSj^ 

JjU IF = G |OOj^ J— »l iJ-S - OjU L .iy^y y\H ( o~— ^ ^jlj y jL>- ^ ^jyo aj aS - j-jb 


2F = — (mo + m 0 l) 0 )= mi) + mv + m 0 v 0 + m 0 t) 0 
dt 

— y-*-* -Ub ( y U = V-Vo L. y\y m ^y Aj C~—i y-J y fy OP y j mo = —m AS - O—I ^wsl j 
••^j—(_yA Wq = 0 t^l^jbj tO—I —>b— j jJj j axa—I y^ cSy (_gljb m jl jj— l_i>- aJosJ jj mo ^y a^l»I 

y ( ]y^ <3j* ^^jlj j- 5 


.0—1 (1)L~^ t —Y * Abl**» ji ool O— Jj ,_jb* J y>ji L aS^ 






c*Tlj (jljlj ,ji-o ji jlS" 

O^lj ^Lil^JLj jl »—&....< ? jj JU- ji m ^y *£ ^yJb- 

*—% f y»y sjjy Vl> |*j15 jjio «j *£ Xb$y jLL» lj L—Va ( J£»i .JLib^y 

*—> jl j-i jl Lf ->-jy »jyy j C-£lj yrj^ *-> jyuu Ojy 

*-i <S pi - y ^jl y ajl j yji>- Xyy «i*j$ y pi~y uly*- 

J—di ALjjLp 4 JJiljl a-o-w-* jJ 

L £y\l-~‘\ jlli JUpI y\ pA <Jjy jR l# SL«Loj yj O-jU* <Jjyj I mg 
(1)1 y* y-yw-A ^Wvil ^ ^Ja~* b ojyy ^_yj j*“ 4->*jL^ ji p Ja~»jL« 

£F = wit) + mu 4±aj \j pjl y^y Ajyij ji .m' = —m :b c~-l y)y ,yy j Lyr 
.p*—yy pA-mg - R = mi) + mu Oj_^> <u c-l ci - ! j OS' y>- <dabc« -6" I j 

:b 

m'u +pA + mg - R = mi) (1—Y>) 

*JL^- jj-Jjl a_S Cwl <&F = mas* <bU« JSLi jl*j» ^l^la babe* 

xjl—jly^y lj C-Slj _>a .xiL^ F = /n / M yiJlj «EF » 
••J £ i£jl~- *^y ^y^j* JL^f-l jl <j T l y tj (_gj yj aS y~*>- 0>jj-** aj t-Vb 

J—ijj—« Syly J_>- F= /nfl aJojIj b aS 41 *...,« y OJb*Jk lj (1)1 J 

.J-£L jUj jl ^yjb m tab jl y 

* jl 0 «Slj V O-fr y 4Sb*l&A iOJ y- ^Jjl ji o-IaLL* jl yy 

*£ <_jj^j '-*^ s jl "5>! - 1 ^l_p- c*£\j v_~ap c~w< 4 j yrjy- ^y.y U> I j 4 c~-l yS 

-bl y>~ C-S^tj ■i*i’i * 1 4j i_yjy" (^1^jl^ (j^ 3 ^ C^c-y (^b-^l j o jy* 3 0^ J—'Jj M jl ,_^-; 4 j 0^1 j V C-C- 

j ^—ib U Jmj yrjy- yr- 1 \ -laii Ci’lj F ^Ulj ‘jb^>- jl Jy* yy y* ^Ijl <j .ijj 
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J^ljil Ij l—|jA jl y (YYY'/A kW) r. . hp jUai 

oJjj_— J—* 4—ill—i .JLl »j 4 —jLla-l O^^a- 4_al— | jJLa* jl Ij 

OjLij jl) JJ* OiLUp ^J J-i ^>1^1A 4j Ij l—J I jA aJjI 

.(Jj* ^ *Jjl J la—J^4 jlj- 


j_» ^jar 1 j->jj jl ^laijj ^Ijll <ila- i-W 
•J-—i* ,_,aJa— ( 5 jj jj P OjII t*J j* ^ ^1 jjl> P Jjl» 

^L_— J J—>oj ^j— ■ - l*l5lla—al i ja ^5*1 .Jj— 

C-» *A«Jb X J X tw—>■ J-J Ij >o j »—pll—J* iXjtL JJ-k jj\j{ 



f-YY < 11 — JSL 1 


-d-—j i-VA 


^J— <_. l»^j4 jl) • kg 4* ijb ^ V kg 

OP j — L—j j 4Ia-j„, — I kg/S 40)1—1 jlj._• I— 4—■ j_— 

4 —j .Jj_—£jLai- jl jjj^l jl »j j . ; — ■> 4 —i C...-’> )Y* m/S 



f-Yf- < 11 — JSL 1 







m jji— f-v 


(J^—J \p ^j>- j L, { J jifi aj 1—AY 

.ij—L j fcj aJL£ o^b otto Q **3^4 OCJl>- jl < P 

j C-—*-! j—> L ^-»l^4 lo^ju Ij <aJl>- <^Jl>- 

4~J L^L^la^l .ajb jlj_J ^_Iaw? <-£j> C^JJ ^>*jj ^ytil 

D \ OP^-» (<—i 51 ) JL^ j-*ju .C^l 0 - 5 ^ ^lali^ JjIS UiaIj 

U r C*P^— (l-j) ‘I_* 1 aIj <J <U j-Uw-j ^l£jb Aj \jA 

>—«—L? lSjj—»' 0^*^-* J • x ^Lf‘ '“■<^>1 ot*j ^ 

hQ js.xs 



OJk- jl P J^k J-»-lj ^L» (_£I*jLL>- j^y>j 1—hT 

.ij — U j X = o C-uJ^* jl J jlOO. ^k- jl jj£- 
.C—/I p* jlOO ^k^ j j&uj tjii cS’l^k^l u— \j*e 

{£jj+> AiiLjl (_5l<jljl ji jlj~i ^ 1 a .«j Jj-jL ji 

4j J^jj AjyJ> Jjli* ji jl C — $J- Ij 4jljl ijl_j /? 

<_il?- ( j_i^>'l XiS” <>ry •■kjj I jl ^yyli Cjjyo 

( j^>l_«J iO-j OS'^>- (Jk- ji jl. U ..» ^k~» <_sl$il ji *£ y>i>j 
• O— I t3£ j *k5 4<oLil *jljl Ojji Aj aS aOjj- L Ij ij>- 
v'*> 

R = pgx (rsinP -Yp* cos 0 ) kyi l: p* < tan# 




f-A* <11— JSLi. 


>■ *j (_$l<il>- jy*.jj jl ^\tiy J^k- (.gl^jljl £ —1 M 
jj syry ^Jjy* jk* j' <<klj^ yrf^j -C—I p J^k -L>-lj y 
T Ji-ZS iSjjy^ J— SI J> <ik- Aj aA>- j jyt- -ol^t yj 
<_» ioJ .—M ^—^%A A t^lflil jl *S J&u j ^Sl*" jl ,J^»k" 

j-^l J j Ol ji-^j J *-;L>l -AJ. 4 jly bj£~» tlJk- 
j U C-Pj— (^Ijb X = o ji j »>J-S <L^Sy~ P c^tt 
j—> ^jl—^P <»ljl U <Ls-j~> j O (^l_^ ffl 0 ^ 

l^-S’lSkwjl ^l_*j jl 4 _SUjI k_j j—bjt (J (j—J JC ->• 

ji 4 — J » J U L 1 « ,J~£ IXj 1 j T .iyi, 

^-^k- j*j i. t yi\ iik- k^.jl 7 " ^^LIS - (_ 5 j yb Jliil ^Jl 

( j!aLS’ j l . o <—< U jl Y ejl*_i <il>- Jlial Op 
o —£j>- j* Y • jl»j <ii>- 

,xj£ j i jlj Y* • ijL»— . i <aJL>- Aj 'jjJ j^j Aj iy>- JUljl 
aL»j? * !? ,■..< ^y\ ji t —Y • <J^Lu JLpI Lj \y^ *S Ju>^ 

.i>>1,^ yklk /MM 


P 



12 3 
r JlfcilAiJb. 


f-A I <11— JSLi 







A_?a. 


Ji aib jl_U 


JSLi ji l-Al 




f-A 6 < 11 — JSLi 


jl ^jjLaaJJLj- wi 0 ^ js^ <j <_Sjli AJai^ cib ji ► i-A"\ 

.C -<l ij >-ja p J jSo jj ^j^- la jiJU i — iUa x il t_Jlii> i^a 

A I jj— >i i—jl eL>■ (_£*Vli ji jjAIS'aJxJ Ai I 4 I 1 I jl .iU» 

Laj el_>■ jjji Aj UjSw< cJU- jl jjij* a! ai>o j C—<1 aXi 

A b j>vJ jj>- at?j_L^ (_5 jj j—; i^lAiljjA i-£i .ij-i^j* 

A_S^ J — S ^ JaJj (_ 5 jj_la Ij (_£ j'. < aj*£ ^-Xj Ij C— « <1 aJLi A— xj 
ji (—iUjp t—iijJs Ji jl L^J jA Ai Ij /*7Y C-jLj L$[£lut>\ <_£jjJ 

J A_Jii>iA i»jb_Ja (_^lJ_j .JLJ^ Jl *£-1 »l£jl? jl jj«t 

IXj U —Pj-f j ^ t_-- Ji »&<& Ji aijlj P (^JjJ 

.c—IL v tl» JS Jjt -L* 



f-Af” <11— JS-i 


jl ij j-i XL> Jj_ls? <5* ^j j\£ <> ji £ «—i5ji4 

4__j \) 0 OPj —mi L_j J o2> jjftl (^Ijli lwlj> -C—wl $jS>%a 
<£ i y^tj* jSJ* k aJui »i'i oL^i ji *£ 

Ji {S? J L ^ J* Jtr’y*} J* c S^ir^ 

j a »m m S j—i oL_ m> 1>^4 .XleJLi Js^ji p <Jjk 

^Li’L-^ks^l *5" U > w > ^a 1 ^ 1**0 jjl ji 

JiLL. ji (^j^-O C-AjLia £"ji jA jb J ^Ja- (^JJ Ji J^j 

c*p j~> ji Ij i •wjl—p- <j ^>-U LwIja oS"^>- 

ji <J j*>wj <aL>- ^1 j$ Ij L^l j* V 

t jL_aj jX jl^« j ^-lajlj .JOjjl C ^ M»Jb tJUl 

O* J~* ^I j L *j*>^ j Ij <£ j$ ji j ^Uj jl -Uj 

l5^ j>*ia ^U<aL>* L jjui jS J* J*\ J* jcrT^j j^ “^ J> “ 

Jcf 4 ^ j*-* ^ ^J 



f-Af < 11 — JSLfi. 


j—i Lj j 71 r/Y Jj-Jb <_j ^1<J51>- j*>^»j t“A 0 

C>»—**> 4_J J 6 J—*i Laj 0 = 0 C~*3jl P J^ J^-lj 
JUl^ ^l^iil ji jj>*j j .ij^^ c^lojjli JUl^ 

A . J jl j ji \S j->LLa 4—iLL>- j>^>- I .i 4JL-JiLjl 

j^^—C-JL>* <—J ^ ^Li 4 j5L>“ Ij = 7T/Y 

La 4 iL>- 4^A \SJLL La ^M»l«-a k-jll-i ^1 .ijlX P-talji 

^fiJj^ AJil*a .-^L^e/j) .Oijjl C—X 6 -->■ ji ^jL* 

ji^» jl ( ji~lS' t5jj;i jl J Al^jJ JJ uUJI l 5L t^lji Ij jS- 

6j-$ JlIjCsl (5 = 7T/Y A-ijlj Ji j^Lp U P = 9 A-ijIj Ji 

I—J 9 = o jl j>- J# ji Ij (2 ijl i -»^j! Or^^A (. 

.jLiLi 0 = m y 



Q = pgr T 





rn jsi— 


j lawil <,_ j\^b iljl 4j ^ l—AS 

4—> X) C-oL_j OPj^» i p iijb Ji>*\j ji ^ J>- j L <J jiff <J jj JbU 

^j-’ry R <SJj? ‘ R iS^y. •* 4i ' J ^ — 

iJLt <ilp- ji 7> j v^LLj CuD ji 

:>L*_jl Lj »-J^LJLS^) AJ^ lJUj x .->» ^»IjLp 

.(c..*»l oL~£j «^>*U 



f—AS 4l * « M « JSLm 


j L dj—b iljl ^ t-AV 

1—*j j cJL>* ji x = ° Cn-aOj^ ji p Jj_U Jl_>-!j 

7 jO j o*li ^ ijl^ R i$jj? 

j: y-?- j-, uSj->£a jyj. ^ji—^ J~>)j jJ lj j^*»ij 

4 ? . X = L ji lj (2 c$>1 *—i^Jl .Jbjjl C~»Jb 


/? = ^p*(L + T*) jT\ = pg x 

Q = \pgL' 



f-AY <li— JSLi, 


i—>lk « Jl v_jL1o t5^r *i i-AV <ii — « ji ► i—AA 

p J_jJ» j, ^yr j L J jk <> j l* y^i 

jl X = o c • ji v-jLJs jI jl (_5lj_ijl . J^S ^jj j&L>* lj 

O. bjjL* 4jib>- uLl jJI ji j »JL« l»j oJl>- 

J OjLJ ^IfOl Jj ij->-y ,JjjJ R iyU» aljl »_jI— 


X y—jj lj yjLla oXi *iJL>- C-< — j jJ 7, 

t5jj-.il ijj_* jJ .0—1 g jl j—£jy a *S JyS <*-y) Jjjji 


a 


.(^Jlil^y* (jliil oj- X = L ji 



^yr 


^ = ^AS^ + Jt)+- 


(L-x/iy 

(L-x) J 








f -1 • JSLi. 


<^l» ji>- jL» jl j jl <^l*Aja ^L^lal ► L—\* 

tJlil fall (_5U<iJb- j>_ L« j aA Jz Jo jjL* l jLh\S*^j jA A jpy ja 

ji 4 S a li LL j\jy>r **—aj o tj 

« J L<j V l!»P j*ai 4a jjb *j X l—4 (1 )jSui Jl>- jA IXjl 

La j at S*—£j 1—1 La ^S'lSla-.ajI vJXajLLa 4ajL&»>*A j 

iX = 0 jA 4 —SLjj j*a» jA (X-Jala 41—Jaljj jjL»«o (_£l*4_aii»- 

O. .a»X JC jl ^Aala Ojj«^ 4 j Ij J*>»aj U l 1~P(XJala U = 0 

(_j*>Lal j jj—Oxaj (_jl*4_iJL>- Joj i—a (l * at* ■* ^ j Xova-4 .Xjjl 

cSj-J I j jSL— 4_ilo- 4-SL.lSL* Ij .--.a P ^ j j-Jl 

4_a J .A^S JLpI Ij 1-Y • 4JaL. JL* IXa aXS^ 

jXU (jl jip 4a I j Xt) w> j . ^Lo lo- ( | J*»wlj4a A aJoLa ^l£jk 

<-Wj «-! ‘J—»- *'j j' J A " X ij£ J . J * 3 J A 

^ j L ^ .(jL-il# <>•y dx — D dt 

••Lil P 0l Jo-lj 




nr j-»^ 


J®—~j olji yy* y~~y j «ji <-£j C-£j»- (^Ijj lj bjj Jj-»l J—aj ^j1 y 

i J—aJ gjti .l*jl^ b ^b Olji J-b iJl—b |tJk jl I y**A olji jl 4 (i^jl—VI) < Jba jS- 4< Jba Jjljiy 

.iyi *- 0 ^h>- jljJ ^ jJ j O jj—J 4j I j 

.(i-Y ,jZ—>y jl l—) Abb-) j*j jIj ^ j^y <^*Sy ,J**I (j^l^l jj yy* (J^* 1 jl I j ^ 0jjl5 - ) 

ySjA «—*l=—t Ji ( »•■•-■■;■•■ •' J* - f_rT- v^biUab- ^ ‘^b* J* Ji ijlj lS^Jj^ ^>}y. ^ J~®l oi' 

• c —’ jj'ji fj* 

£j—*^* ^ jtJ^li <1)1*— j (l—Y'a Abl*-) c—*Jj olji |»>. - ...« <_$ljj Ij <£,>•/- ( J+t>l i—Y L yu ji —Y 

*i C-—J olji AJS" C-S'j*- jl ^jjil j !» : ■>■>.* J£ ^y £y Jbil j' J-^b- <£jjA {y*y b (♦■ * ■■-■ »•■“ <_ybJpr- <Jjj* 

• c — 1 J*L* ‘fj* /j 4 

A-bl*-) C-—I jj\jj Ob j *-> 0-~J ^ ~m . : .« l Ja^- y**y j~*i <1)1 js» l> j* j> i j\j yj\>- ^bj j 0 JlJjj -Y 

Xi-i y l-i 

js-j“ <!)'js-* J_p“ yrj^- i$bj js> jjb-i? t^jb^ xJji 4 G ^ £y jO C~>li aW; ^1^ -£ 

aS" Jaj^* Ob— £■—YY** j l—\ l oVjI— .(i —i y £—1 j <JjI— j £—V Abb-) c — >1 d)bj aj t^l^jlj y 
.ijb G J 0 (^IjJ oViljw ji AiU^I ^jj l^j P (^jLx^-l AJaij (_^ljj J-«i»l jjjl 
a—S' »X>-jS 1 jJoLI ^^U-b *oT y aS - XJ-i Obj <jjy!<jl*i <1)jib 1-0 ji -0 

.i £ ^ ii^ 0^ jl Oly^/* 

I^LjU tAjl ,.» t .< jj_1» Aj .C..-1 (jiLrf? 4>LiL A.I.ilX Aj^ aS' Lf^~ i* ** 4 ^1 

lSW->L; J a cJ^jU r^y 

<-^J Jjlj l£jj? ,^1 aJbjIj A^ j*-ob |»..*A. ~ bb <jbj>- (^l_^ Ij 1 J 15 ^^Ij ~^ 

.-US^^i jl_^ijJ IJ (JL— V—pj— ji Jjj J <1)1 b __Js>L— (jb^>- (jl_J— _J bb 

A i.i. K jjli-. t/T xjjIjj a U Jj ^1 aS^ i—*\ ,j2*>*i 1—Ma aJojIj ji fy 5 )” <l)b^>" tJl^jlj (*—^y —-A 

<l)b-iyr L y > rjy- j iJ^jjj (jUr^y J f_rr <l)b>»- <1)1j^* aj Ij — ^-jU- b ^jj O Coli Aiai Jj>- yrj^- <j\-*jy 

.Xni^y -bLjjl 

(_$lfJlij .(i—Y * A_kjl j) p_ji jjl o—»*Jb I j jJ«i* (_$!•* ! »•■«■•■ ■•■ C-S - y- aJ t —V ji »j?-Vb —^ 

.Jl— lj(_y* <—*Ua*jl (^L^jtlb j [Ajyuj (l^S’l j . . >■ - i_jjl*l« 

j*—* a_j a— j I j >_ JLi > ^L^l j (— Ltf ^L«^-l oS^j>- a 5" jjl—^ jjli I j L J-Ai* jjjl ji *J— Ob Jj—»l 

.Jl—V j 1 ijl ^Lai jJ (_J—» ^l—s^l <-^>>>> — (j—jj; (^Iji (^loJjJl— i-0 l; i—Y Ja—i Xj*j 







--fjk? J-* m 



<11^ jSLi 

.aL.1 Y/VO * r ) Mg <j Jjy oSlj i-W 

C.-S~lij —•« n—>ljjj ja *VL <-i ijk *j 'Ijjj 

_>l Yi • • m/s C-e-j— L. j aJL-i JMg/S j\y r j> l 

C.....jJj I ij CtfIJ Cl <Jjl *_jli«i .Aj-i £jl>- JJS?*^ jjj^l 
j —>r »j>~- jvjj^ ^ a -- j* *S ^ o*j* 

.ij\i iyrj 

a * \/vn m/s 2 v l_*. 


ja ( jiL <u«Jb i_S^j (_$!ja Jalj <5w«l^jh £—Y £ 


aAjlj j-— i i J—«iL jl £j]o~j JAj j Cj-IAjj O LU .fr 

4j i_Sl Ajj 0>u jJa-j i^j y Aj^fr aI-OI jA IjA o\jj>- Ja-jjj 

J_5I ■_, .j ^ C_O y. •■_a l ,C«J Y • N •uJLl.j.Oi 


Y* N <J aAjlj tjjj? t ly» j lyr <> Oij oLaI 
V CJ. r iA_p O^-a. I/O kg/min jl yj> l ^ J\ 

.JlZ S y^xj ^la~» Ij Aj_ja -y ^l^Jk 4j Ij i yi OljA 


l^v_j ol^i_ **a a u^j j - £-Y0 

ijljf-j* l—> Ij Cr’- J- —^ l jiU{k—>1 4—Jjl i^l—.U 1 _ r i j l 

4_ijlj C—>»j o* mm ^_ki oi/ «jj~Ji jl o/r* m 3 /min 

Jl ^ J* I t5jj^ Ojj- Y*° 

Oi —'*’U JJ*^ J0 IJ jlU>- ^la~j jl 

l->—ill 4-li^S" jlji ,_jljlj Oa Jj* jA j Jjj-i j*}Ul£ 




^Ioj 3^ JjL*AdO 

fj-ar i kg 4 <jLL» (jiMy jl u£j J> i— 

J_^l» j j*>-U Ij JUajl (jbuJL* .la-j y j Jjjli 

(^lj_; i-S’LSllaAl oLi ji .C—jl 0J—i J-jal* JL> ijj£ ji 

Ij ^j»ju fj - ^ j - ^ J* a * — ^-3^ > jUlJj ^^iil 

Ajlj ^L_, ^ 4_! F = Y. • N ^1 4_S- 

(Jj5n, ■ .*> Jl>- l-Mjt .JLlS* j.wJU 

?C^-I L ^iil IJCol « aS* JUb^ jLiJ JJlLI ,^jb Jji 
a= UAV m/s 2 yj\y~ 



ja u = r* • m/s CJ.J-. *}js t-YY 

IjUul l^*J^Vo (_j^JJ^ (_SJ~J <o (jil Aijial 

4— OjjJ—i <Sjl£ .iyi < yt uSsJLj (Cmj>I 0j^~j (Jl^- jA 
L^_Jjl 4JL»U- (^I^Jjlj C^-y-J t JLUiij jy jl jA J *AjS" A_jjij 
I j t_£jjl (5j? . J_j jjl C—-Jj <}jlf a jy>-y jl ,j-j vl —j ja I j 
lj^>- .J-JS j — la ■Jjjx (_&jl <JL« ^y^ jl j *Aj£ < _ r iij ajA uSL 
? a jljj »IL |»:.,-,....j {m ^ eu '~ ja-i^,j^ 


F=rVT‘ N 







Vf & JjL— 


U d- w-i o J i^t? o J Jj jLtj eL^S*lj i-^A 

<-£ ,xS ^Ujl Ij c-jljjb -bJ> c& .5 j£X+s> 

o-sJ j^r j—Sy »jy j' gM- *S *< 

Mjjlj jl —* J Xlj,^ /-*!£ Y/A* Mg 4j jl 

<1)1 j*-* L» *I« 51J J— w* . J pjtf ^IjCu! li IjT*° 

c^j—~J "\i • m/s j+* ^ j «jl* J1 Y * kg/s 

j_jI ja 4 -oLjt 1 $ j 1 •JJzr* *i 

V—U~* 'j O-Slj ploi f j n ^U4_iJ.o~J \/Tl m/s 2 

.Jl/ 



J *J i L^JLi |*jl» Oj y> 4 J ja 0^1 J i—^ 

“J-*i ^L«J /!>-_>_— jl 4 jU» ^jJjl aS' ^yip* ja 

fja <aJ» -Sy^y j-ijj J^jyy j »X- i-l>- jl jl pa <aJ» 
t^L-^ ^ ^ </jl a j XS - ^ J*j>- a/- L Ij z->-y ' Y • • kg 

<3 0 /Y kg/s jlj--* I—> pa <aJ» zS-y o_<1 Y • • kg 

4—1 0~ - j T> • • m/s OjU y>Tj j*~ O-P y <_$ljla J «J—i 

j' o~>, b fj- 4 c — ij^** iSrjy- >jj^ 


t jl—*j OJ —* j jiS\j&- j j J-J jl (j—j 4^Jlj "\* 

•aj—S’ Jai»y> g ol j—*j jl .apj/1* pi— jl ja *£ 
.JujSj a/v* m/s 2 y \y i • • km Ij jl J 

a = o/M m/s 2 ja t ="\* s 


«max = W m/s 2 ja r = Yr^ s 



f-^6 Mil— JSL1 


m 0 f-^" ^ ^ C^S*lj 

aj—cSCJ—i 0— ^ - is-^i*y j 1 ^1—! 
jjj^ 1 <-i J m ' J>rsy- p>r j'j-* j (O.IJ g) 

jl jj—> t jl* j jl i_—>- y I j V OP y ,Xo> iO;U i u 

.iy ja/ J&s* J<13 \y 0-4jLi. 4 /,/ (>;?)( ; 

C-^j—« Ij ja jl ^jJlSU _j oSlj 4iii>v* ^^ j 

.JOL jj^lj />loXi 


J—al4 /jj£i 4 j Ij t.s/' „>a i—JLs mJL» i-^V 
/l .XUjJIi jljjjl t—ii-4 jl /l«— j i_So? 4 j Ip y>yj> j *a/ 

(_S jJ- i O—»l j /v—' JUp ja I -Lot J—S" 4—f-ySy* ( j_jl 4—1 

9 J ^ y£j* >Lo. plo_l a ca/t JUpI F = V N 
.XiS" oIm I j <L. i^I4j_jI j Z-f-y j—*j jlj~* 
a = Y • m/s 2 » 9 - YTA rad/s 2 >^1 ^ 



f_«\Y < 11 — JSL& 




j jy^y ^y^ y 

jyy ^jy *->. r ' kg/s L lj—> ij\S ^yrjy- ‘jyy 
^—" ■*yy (3j*®*'* ' /^ kg/s l# c->-_^- j • xi ,_,!£• 

lS^H iSjy** i^-tyr ■Xp y j ^^SLL-I jLi *0^>yr ^ Lt 
’.XJXj^ (0JLJtf o^b jLiJ ^iut* <%* 

C ^leuu B ^Ufl* A ^Ufl4 

•/•? -t\9 -i\& (m 2 ) oky c±>i* 

\f Yf' -\f (kPa) ^‘U-,1 pj 

*" r ' 6 ' Y * (m/s) jljr c^j-. 

Ij 4_P j*j>«- el?x£i (_5_Jai Xjjlf* j3 

<-J j-J L^-ilj J ia—jj <S\jF (Jjy-i j pS yy 

*£-j J—.fll* jj_ij- <iX <; Ij C)I lj 3j-l ( _ # * 3jlj B j3 ojjXi 





fj^ j £ J <> (il^ib- j^j J&y <^1*^1 'V" 

*JLL>- <£Jb- j3 < iy^ l*j jj$L XJt»- jl P J jt -l>-lj 
l^lxJajlj .XJX^ C—»jJ ^X-j^J <i5 li y*jj 

4 —! 'j J j— • X-il j^ £y-~>jji ^t— l y. <£ F {Jjjy c $'ji 

^L, 4_il>- L—jj 0-L—*i X CjLm* jl Uj_^P 

j—# £*lj ^>oj <£L*bU 'jj) JL»j^l C.-*»JU 

-kj*-— JL>- ji ij—>■ j' jJVl; ^ ^jjJ 

j-i'j< J^*0 J, j' vXPj_- iX^^X 3jlj iljl 

y L*j jlji- 4 ‘IXjI .x^ ^jjj Jijt ji jl Ij <h—• .sy^y 
j X_o»3 jlj-» (_^lijjl ijj* Jjy j JS - 3jj4 j3 Ij ,*X.j* Jjji: 

Jy> y f\y^> jl JS^—ix Ij F iJjjy <-&j\ j.j3 

<s£-L* J <& ji O^ 1 — (iU^iL- jjj !Xj*£j 

■(JL- jlj yr i-^j; jj~~* j^^»j Q ) > ^j*V t5jjJ 


l*iLi ojj— s<» <j ffi ^j>- *j i_SL yk ((_$ j? l->»• 

f j-*r L Ja-;lj <—lL* ji *j L(_jjS" .Xjb jlji V ”* 0 t—--i (_jjj 
*i J t: >y. j-r^ j^ ,ji^ <4* f>r .XUxi ,jij3r js*-^ 
^1—#^L jjt <j B £\ .C~-l »Xi A j 

<_; Ij ^'VL ^j? C^C-j-^ XLw 4—l£jy 

(Xfrj—* 4—S* XxS^ *—yjj ) XlS" jj—«J jlX—1 ^L— l# 3jjjt j> 
jl Xy *£ £jj I t_i*>bl 3jj— j3 .(c—I — iJo^J t5j? jtL* 
■ X>3 jny>y «3ll*l (jlijl vXS" j>~ ejlijj 



x-LJ <_>Ia 3 jl jLL» c«>»J ,jijy <— | l j ^>.yr i — ^ * \ 

xxS - ^ jij^ i> = i • m/s op r L T • mm <, .jj-j; 
'-»^-*l j' •• i j—'—*j— > *~* j (*c—(jjl—• Jlijjf y <> j 

cS'j—» °j*V F tfjj .j j .3/ jlaJj-o ^1 (^l^iUjST Ji (ijjil 
.X<L Ij <!)bj>- |X^ (_i j»X» »jj ^XtljL^j C-;U 

F = V"A N y\y 



f -\. I <L—JSLi 







f- l • ft JSw4l 


f-i -r ajx— js-t 


.jjlii. ^ C<JL* (J^Li l “A 

j'>— 4 '—' Z pj*—* jj—*»• J_H- Y kg p j-»- a_, c£_, j^. 
a, ^jU .jlSJ. o>jji ^tiljl TV = ^ Y • rev/min 

.Xl«J .t »ili Jij_>- ^ ,jAaaJL« (_£l$iil 

I—»l .XlA-ii £ jl a Jut *jta jUJ C..»>j< ji IXjI ji J>-b 

t( Xl«jLJLi Jt» <_$") iljT jl 

(^1*—j jlj C-5*Olj * 4 .X j*JL LaaJl* ^L^i.1 ^ yj» <j 
c. ? j>- j Ia jL |—4 iljl jl ^ lj p '* - +~* - * N J—j a>- 
ji ocJl >• aj l^»l jjiwrfj j Yo • mm pjlXl a^ Ia^j? 

<i j j-j' bJ^UI .Xi? ^aS ^jU j£ U ^UJ 

Ij L*(_s jf .Xj jjl o—x _j *ijji «—>!—->■ o lj AT ( _ r Lx>- 
- s j^ »j* *i ^L^cr* 



f-1 JS-t 


L> ^UaJL. Aj Y kg p_^>- Aj iSj jM i,Jj£ a*- l-\ • 1 

0 l>ujl A aJoX jl JL—~ij ia-y j »xt J>>r j^U ffr 
i^L, iSj* <->F= n N JL^I A_U>J Jj ,x^» 

pj_3^ ja <_J jl <—'L—i .Xjta jlJ 0j£»» cJL- ji t>(_$ jS" 

A-Jj' -> tri'ji' j' Oja U ^jS 

.XiS k*~*[>%a lj a L (_jj£ 



jl tjl^ B j A ^ ^jilj iJ-> AJjJ i-\ • o 

.C~*rl pJL* <mAJ l^A L jlJ* aJ j) jljlUl jA ^ 

(£ j—* 4 -* j c-$v j ixMrf C A la a) ji jpt j oXjl JL^j aJ 

1 J.L ijlj* * 1 ) lj -* «—j'I tA_JjJ ft-L-i 

.xS^j* jilj Jjlj *\ • • kPa ,/JL.I jLti c»j T • m 3 /min 
ji—> .c—»l \ * • mm j ->\I j* B j A j* aJ^J ^^-lai 

ji aJjJ p^li jLt i 1° - j ■ B j A ^XLaJ a3^3 ^XJL S * 

jj Lji ,jtj_< Ajj^wjA .Xj—i^y. JXi- jlj J*r 

j la aS* Ij M jjUL? .^jlX B j A j$ La a] jJ 
. Aw»i>v* C P 




HI 


f— 1 • A <! !> ■ ■ « JSLi 

jl p JjJo .u-l j y^jL Jj\» <j ,j1-) • A 
jj iiyj-y L*j ^Ja—>- <Jjj y jjSw CJb- 

<L-Sj—Ji U-pI» U C~J jl j£_jl jl X jj^-k J $0 <£Jl>- 
(i—>») i x i _—>■ j-j y-^j j (i i .»(> iil) o— .a£ 

(g) J X --S- y ^ UJ Ji yS^j Ji T jLtS 

• <{ *5 i/j>* ^ «iib~ {yjA 


Ml) « = ■*-* 
M T = pgi\- 


( c )u = ViI 



>- i-^j l jtu\ i_£iJUi i 


ij —b"b Jai .J-IL^ Y1 m/s tjyyii ji i_->l C-C-j— .JLil;^ 

‘-jl < _ # —*>*»- ( ^-; i j A* mm *—< JUajl (J>«< ji L&jLi 

»j_>p—i ,3^-ila^ tjlj-j .c—-I r m 3 /min 

— * T -LjU *yt- J>»< ji I j jj ij i_iUa*Jl i^JLi 

jrrrf ti’lSJa^al j A jl ..L^ Iij _ /r l 4 j JUajl J>** ji 

Jk±j*e Jyj i ji\ ^k-, J i£±Ji 

F= w.. N jr= t/oYkN ^ 



F-1 -V <JU—JSLA 

VY (^l<Jl_j^—-I P jjli (£jj? t— \ *A 

^J.l—'»** (^IjJ tC.~.*l «-Li ».ib jUU jl ^UiU *S A ytJ} jl S 
tj-k'b jJai *— ) B j*jli *Jj) tS’Vl; jl ijiy* '—'I jk^«- J a . 
.ij—* jL> <J>! j-k iSijjj jl J\ .ijjy jisk A* mm 
• ib jUw j 3 iJ^S.P f j’V yi 


: ^—Uu Ji A. kPa jl ^-b—l J 


-. Ij C ^—kii J\ o 

jk; ji 


I 6 — I • 1 ^l*l»ll JSy^ 


i j yl^ j(^w) 

^y ji>P 





~1 hi 




A 



l 'l50 > ^150 >1 
mm ram 


f~ I I • 4l*u*« JSLmi 


ji tj Jt Y • m ^ l—\ ^ • 

.-Ljki^ JLSijl >A m/s y- j C~e-j-~> L <uJj 

• rev/min jl jy j i• kW jl jtj—; <—S' <jjySy 

C-f>- jJ 0 *lx4j jJ Ij jyy jy 

is»l_is ji ( _ r £p .JGU-i j&pL- 

(ijl-L.i L f—~~yz i^j ‘^y <— >1 jl j^ >■—ji D j C 

jLS' JL>- jj jj_J4_SL^I^ia .JLiL^* Yfl• N ^1^ y 
D jC ,jL*c\Z*-S; ujj* jl Ij > r -w y ijlj <_jUJ^J <C~-I 

jJ ,.^ » jl (_jIa<JjJ jJ iy-y ^JLjS (_jl>jjji ■ ^‘ ■ S <-— 

(_jl jJ ^^Jllw»l jLlj jl ^IfcjL jjl> fl J A 

B j A ( j_ ? < jl jjjj (—<1 j u - »j :jLj J~Lj ) .jJU-Li 

(.Xl£ JU-^t n , t *j Ij pz*y j «ij£ Ij>«-• I j 

C=iU*NVUci>o ^l_*- 

D = TAl> N jAj ci> <, 








01)1)1 JaLc n-5 ^(a)()(Uu5 q Lai^i) oli>5 >bi p ow ') ^IiuaI tslrutjV) t) glsA o5>a ay bjltj) (_ibo <*h)(Ahw 
jl .tAg>, >»La c5) aIa oLahft jl >5 _ji gjliuu t) nkuA i 5 ii>p>A\ .Uciabb .Uasjigya gAljb .\i5gA gj>w3 1) Cuul o315>a o^ 
0(3)4 ay bill)) ol )i <i5 Cvuil t. vlifl plmal (5n(Ahm *>i)(5 )\ JHa Odut i>SJLa£ 0>a}(5a Aiimt giiAliy JjtuiA oIaa 

.sjJjbaA ,§A5i Jika ilA)ly .oa<»A q tfi<))<) 





4 j o JuLo 6-^ 


■■■< ilx«l ji aS^ ^*1Jca Ij Oilji —>l— j C-f- j~> t^Uyb^- jj pSlA- J*;ljj toji iSJ->l o— ji Y ^J.^33 ji 

-Ll_i j j»— eiU—I J - g pl-A-l uCjL-a (_jljj I j Jajljj a .pJijS ^jla* *—•S’ja- ^^aO* Ij p..*<i ~ .. — 

Ja>- <jlfcloi j c^s-j~* J«Li pA> ^La pl~A-l <-S—Ux— tjiljjlx -pjjjf <- r ’ l — > ’ *•>. ji>h p —*r J'bj* xS" j*~ 

f P ‘p-fr- 4 cJL>- ji ji v- 1 "^ f’— 5 r 1 _r^ Cr-r^ ^ iSlrt ■ J - il i<y cS ,Aj .j'J iS 1 * 4 ^ J ^Ja^Ia- pA _, C—l 

pj—*1 jj^l—£jj—it j I—*«Jji^^A- tl$£«iiL jl oili—I L tj ^ai> ijj> ^Ia- OilS^ a- pj jb pjV >—.IpI a&jI Jjl .0—1 
O -— ■>! pjV ‘(^jl—^ (^(>^1 ^XA ijs^> JJ^** 4 44 IawI .p^Ui Jj^S" L J «ijS JJtO« ioijjl Syrji Ia^Xj 

a_S xjI^ ijp^y ^jAajju —IpI 4aJLaIa- \^Sjp- <>%yj ji ijjjl ji «j^p .ii £ o-Sj>- —>1— j O—c-^I a^Ia- 

> _l o p L ..... > -l ijl j (_^1—*j j*j jl OX” y~ aS” o—l pjV UJli- LiU .xj! —»1—>• <j ^I^a-I ( _5 > "1^ ji xL 

.0—1 JJL— ■Lj&J j' <j,\<>y>j <Jjji> j jyy P>\j cSJ ji j 4 ' O-aJ <^L> O-S’ j>- <—L*** .Xij£ 

4—S < Jj& jA- iS-Li lO— ( J-ja3 ^Jjl ji OJb- Ji ji Ij >—pL-A-1 i_$LjlO— Jj-^sl ^ p^J^ 

jjA> 4_) J_*j 4_«< Ji O—S’(-SLjIo— V J^a3 Ji .i^ jlj3 ^Jji Sjy cili jlji ijAO ^>»A^ ji lj ol jlji; 

.xi jaI j>- ijjj** JL*a-1 


>—JL g ^w* f» jji ji 

•OS’ ^^0 OjI ji ^ ^ls-sls t j 1 ji aS^ pj^jS^ »—<i; j*j OjI ji jl L yOO— 0> jj-a? Aj I j <—.■ / » <? p-—»- ^^-ai ji 

t ijO ( _ r a30— 4p— a- L jL>-j>- j J-Xa ^(jUj_p<4 aj o~~J 0 - ., »j> j4 jb_,j a1 —j aj p— a- jl (_$loji ^a ^1 
(JIoJ_jI p,I^_J ‘ 4 -J*‘ iji^ *~JI .Xi JLaIj5^«J ilA«jl 0 jl JLjI IAjj>»4 ^jjl jl aS - ^iOxSj4 ji (_5J—«J ^t*A 

•Xaj^* ^■...».~ ijj-jlj OaO j pS” XIa- pLw—>-l ^LO Ijjj .0 — 1 

p_rt—^ ‘Xtlj jf>-lj p—=r OjIS" j>- L a—IL» ji ol j~Ju ^1 Ai ai—» lj (jiff j>- j?l ^yrj ^jil Ij 

jljji J^~“ ji (_5j;j|j L*-jIjA C^i (Jli jl Aj i *y.J* SijMMA 0—1U<9 jleJil 

j—; U-jIja JL ^L>-li ,j— ^jOi jc^l tj^ji jl L»1 .o—l ^IS - 1 — , l . j» p— a- ^JX 4 Jri^ -) IX jl 

Ji^S JleCJj^a JjIS JL —t l lA«4 (_g 1^0^——3 ^^—j (_$ljlSOijj^A jjjl ji «XJ>Ij Jlj— ijj4 Jl»j < _■> • ^j tJL ^Lujl jjl 




r-l—«-l y iwJUx* yLJ nj Jju J-Aii jJ j J^ai ^jl y .Ci JtA y yl 


- 0S0 jljjyj l_> Jl) j 

CJ Jz JLaI y- Ojya t, 


^\<XSKJua C*S}> 


tj,\ A_a*Aoa O-S y (jljti v_-—loa p~y CSy iXzS *sSy (_$jly OU*jL*a y |+~y '-^i *lyl <yUj aS - 

4_j IJ ^ j J jli jl^-i jf y —=r- jSy *£ jS y Jo -j y I J iZSy oya U y-P <JS jy 1 j ■£—-I 

olS y jl ^.iLj jI^I L Ay y jA £ y yk j*—.^ C-S"y- jly aj y *£ -^y yaj ^'JA Lijj Ojy> 

•C—I jJaJ Jjli Aj>-ly jl L y aS Lfr Lo ^Lo>-l 

.JbtoJLi yy* 6 —\ ^j5wi y a£ S jS ^.y.JU jl y ( y JJj>- Aj \j >w JLpa ^~~~>- i_^j (_^Io«jL^ C--Sy- 

^L; j j_^- aJjI Cy»y oljly 4 j ojIj^* j*— j>- c5jj cJ**- j* ^y *£ y ^-*iy ji' ^ • J&Jl 

Ja Jo>- i_$jj kUij jyL»j iO— \ jl (3) <—■ « ■ "'* iJaaUI ^t _ -A ~Z ...* JUlZjI y ^ .—>• jl ^ka- Jliol y .JjLw 

C-Sy (Jjj y J»l-*j *-®-* ‘(b) C. o ... ‘» tJz*Jly»Li* JU&I y .XZS y OSy ^jly ^£-—« 

ly j ya>LLA jl AkiH y C-Sy Ja—y jl(*—sr C-^_y tCJU- jJ jl ^lj£ y y *S fjZy ‘Uaa-'jU 

‘r^ lj Y ^ ji (oji) A. lag) i_Sv_j ■" ■ ^y J - ■* aS" (_jIajiIUx« U ^jjl^jUj .Jjjlj ^jL—S o oS y- Jalftj | yL«Ji 

.j*-jL»J juy tA^IS” I j iwJL a y-a- Jliol ^lyiy 


■ Jliol v o .jijLw 



l-o y .C—j^ Jy y ‘®~' J£*i jl (c) C.~». -i ‘Coli jy* J y .d)ljji 

jl_>jj jy* jjjl y y Ja^ka^ yLw j oJyj OSy- jljjJ jy Jy- 








o'ji* A-Y 


l^le^jb OS^s- ejbjJ Y J—ai ji 4S ..OS^ ^ !j jL-^j i^Ujjlj ‘jl—Sb jbj ji jj>«a jl *£ 

•^l f* U~^ J a ^ f—*!■ £ 0 *^ l S^ji «jb_>:> ‘(*-~' i U 

o«SJj^>l .c~-l jljji j Jliijl jl Lf y^j> ‘ 0 —\ ,J£— jl (d) c.« ■■■■. < n_J—»i*— i-^j ,4a«a*p ji ^^lS" oS’jp- 
jl iSL— Jf* jJ 4S ^oS^y* jbb 4 j>wL^ ji ,_ylS oS_p- £tjAZ ij\ji (*Uljj<_y* -1*1 Y-A jjIau jJ 4S lj ^y—J 

JSL-S jj 45" j^La o^-i^y* cS^y~* ^-Sy o^> l5jj ^ f—Jr -bbb 4JS <_y*4lj ^-S>>■ ‘ aJ -i cS^U* 

.0—1 eJ— o.ib jl— 

( JSU— (_$JJ jl Ig ■! ^Uj (^lAjjlO* _j (jlla* ^IauU- ^>4,7....* 4-—b*^ 4,_JjjJa _ji 4j >_. 1 ■/* ^1—>-t (_£|4 a*jS—j OS' j>- 

4—1 (_5-Uj i^LfrA>*j ji _J lo Oi* j Ji J* ,j—O ( _yj—j OSy- Jj-j»l Ja—jJ b J eOi ->b*jl ^y—OA 



CjljjJ &-r 

0-Y JSLJp .ii J> l _ 5 _* £p_— jl ( _5l4_ i jlj OSjA- ia—jJ i_J—> (-£j jljji 

jljji JSbJi 4->»i—> jj h_$I4_>uLa oS_p- j—b i 4 S JAi^y* jl— 1 j ,_yd—» (*—->- 

i»JL— J_—a— *_ L«9 4 _> 4$ (y J \ JJjlo) JaA- ji y* (_jl4jjlj ,XS 

<_$ j—£ ojlJUl ^y;_-»L* OjC ^ y» ilju*l 4 j c -. — . i j ajS^ ^yzsO— 0^ j 0i Aa— 

$1 = 0\ + (3 4_Jailj jl ^j-£ jol* L tXS^yO P 4jjlj 4S ^1 JJi 4 j .XJ-i,_y* 
4ijJ_Avi ,_y»l—*j OJ—* ^yk tb 0 2 = 0, j 02 = $1 ‘O—b j*-;AIj>- jl«j 4j O-—j 

(_$ljll nj!‘i—>*A*0 0-5^|A- ji >■ ^l^bj .Jj— ^y* A02 — Adi 

•ijj jOaIjz* ijLSCj i^jIzJ j jL~SC tS^jU ^y— 4 l ^(—& cfi^ fV^?" 

w>>.— jl i^l^Jjlj ( _yib>;l^‘ ^4 1^-4 <-^i cSWjlj *—^^r* - ^ O— b 4 a- jj ^.-jL 


*tisA }j*s- C~;Ij jj^xA lSsj 4j i^I4j jlj OS^a 


—I 4.1..,.jlj jl«j 4j Q^J ^jI>«jIa- oloJL* 


» jl jj'S j'J U® i *—jt <-£j (_$I^j 0! j^Iaji jl j v_jU— j (U i_sI4jjI j Op 
** ^ -)' -?* 0 tS ,Aj -->’j f J* J Jj' lSU^ 1 ^* b y\J> iv-O-r’ 

:0— b j*— aI yr- i —kjjtu ^^1 b .0—1 jb*j 4 j O......I 


de • 

Q) = - =6 

dt 

dm . . d 2 e a- 

a- — = fo b a = — r =0 
dr dt 2 

(Qd(o=ad9\i 6d9=9dB 





C ~$—>■ iOC J (0 O—JU C— Jaoljj jjjl jl <-£j _/* ji .—Ij t < _ s ^» O — 'Jj T J ^ (_£Ia<1»)Ij jy> dt L aJojIj ^j-4 y-» 

‘ - ^j“*• iajljj Ij <AjIj 1j Q—y .c^l a- U . '_■'L?nJZji 0 ^ IaS* c^il g<jL«jb oL» L ^. - ." y>~ 

tS^j—i oJ—i J Ja-jljj 4—<*-A ^olj _p .JjXi (jLa Y—Y* J Y—Y j Y—y Jaoljj Ja«xjj aS^ C.. ... j b AjLLo Oji Ja»JI .4 

*—> a j v i s [ Ja>- <_sl>- aj aS - ^ aj Zji jl$o ^Ijja vl^" Jjj* ji I j Y-Y ji v —^y 

j*-aI y~ ji n JLj» ^1—>-l y~~y AjJUa* J^la _p IJL*j y j£jl>- Ij <X j ft) t 0 <_blj«jo <^lAjjlj i—J 

AjI -U ^jjl . A' . :. ft yi^jLa *>Cal^ ■ J t-SLjLl~» JjIjA Afc* ji l$l<jjlj J L#^" J>~ -MJJ (jri C*ALi A^ CJIj 

jl^jil t_^*jlSv« ^y«L*j ji sy^yt il^jl j OjLii Ij 

:Aaj^4 a?**!) 6—y Jajljj jl {£j& Jl iOjU (^IajjIj i—> 1— L jljja *jy j* 


ft) 2 =ft>0 + 2a(0-0 o ) 

0 =0 O +ft) 0 / + ia/ 2 


J -iaj C-£ y- ijbj f J / - 0 Ji C-c- j— j C - > »j y ‘V?’./ ^0 J 00 b*bl 

C*-£ y Aj ]»yy Jajljj Aa.> .j Jajljj Jjjl Ijjj .JjAi ^bxjl lJ (Jlj^bl ,jjl Jy\yj j Aj jL Lw .C.^jii 

.jJ Y-Y JSv A^ c—I C-li Ij Ja>JI r .fc .4 

4 —1» t-ul Y-L j Y-Y* ji t j a tt )«s <j,\j> *£ Cjjj*& aj 

|»—4J (_5lA_s>«i^<9 (l)ljji (^lj—< I j la->\jj ^_jl nAjlj U«i 'ZjA AiUi-il i jy yj CC J Q) id ^\ y ^»Ul^ JL>I y y 

I j o-l—i —ts ia_pjl ——4 O S y- ji (—>ll-i jl ^U^jU- j Op^-j ji jjl C—Jb ij\y *£ O LL ^ .JLjUj 

•*y. ^1 jji £*Sy t^l y OLi^tUi* (^Ujjlj t ^ a >■ ( _gl^i-«i' ji^S" L» d)l yy 



OjU J5^C0 lXj ^jlJ3^ 

^IfJl jl jS’ Aj J»l«j ^UJ Jljji Coli jy^-* <Jy~ t _ y o- — >- aC-41^-a 

‘vl— j!— 5 Jj- 1 *" t5j-^ v r^l"y j ^* j—jlj^ Ojj-j3 aj t^jlAXi^ jl^S jj>*a aS" 

j—» c-jli Jj^- aS - o~r J5Lt (—L g (v—sr <^1^ ,jil^b; .xjSy OS’_p- 

A_; (^lej-j.b (SjjA jla> (^l<ki; J* .xSy jljji 0 jl aS") JSLi a >Jl^> 

.sSy oS”r 


- aS" yjr~* y. Sy** Ja>- cS^jl j y- j A^Jo*- cSy>~ Jaol jj L b 6—Y ^^►ij ji aS" l 

-jjlj O -&y i£^y ^ y y Aj a = CO =6 J (0 = 0 il*j jl a^Li—>1 L ,^->_ -L-i l—T (j—iL y* yj i . 1. ^ 

A>yi.y (j-J^jb yj O jy* Aj (Y— Y ) JsljIjj (*—^ , 



rAV oL>^ a-r 


/"—--v 

v = rco 

a tt = m 2 =u i /r = wo 
a, = ra 

V__ V 


(O-T) 


*—> i^jb_jj ‘^y *-*Wi c£j^_X iLw O jy& *-{ 0\j*uf* t£jbji 1 —>j-^ aJojIj jl *jlii~»l l< tj ^j| 

j-i *£ <0 jb^ ^r-^j L> (*—^ (i'fljlj ^ j~> .C—.1 ^.£4 (JJju C-i"^ <i>>^ 

Vy* '-*tj*‘ *1 ^y -^y oLj (o-ia) JSLl iXS - ^ c5Jj^ c—*1j c —.0 #jlp 15 jl j o^j OIjj^ 

lj v £_»>w 3 i i - $ ■ ■> • j jl j_<u oi' -k'l/ 1 '--—“-M r ji <y J&- jl v jb^ a«xa a 


v= r = wxr 


|l t5 J y i3r~* b x4 <la4j . TXffls —V I.Xaa^ v_w ^jjl ^y~&S- .Jj-i JajL>- JOL ji bkjla >_-j j 

•^Lf* i>~r ^ c *-“ A i v 


a = v =<yx r + <yxr 
= flix(fflxr) +r» x r 
-to xv+ ff xr 



a-f js^i 


:jl c—-I OjLp o-Y JojIjj ^UJaU* .c~-I #.UAa jliJ a - to L>«iil ^a 


* = ffXF 

•■- «X(© ser) 

*r*f« 


(o-r) 


.JjloJ—i #ab jLJb 6-Lb ja j 

*—^ j C-4>- |»-A O '~~~ i 'j~* j^y. C—»l u— JLtf C-S’^>- ja 

•*y jaI j^u ® =fi>iC—-I ubj <j c~>J iSWjO ^S" Oj_^ ^1 ji 





& — ) dJ^dOJ aJL^uo 


^JLj t = o c jt-SL cJ-jS^ jl jjj a j&pL, c_f>- ja M* • nev/min ^ L -ulaljl -6" ^>- 

^-(1 aal (. : ^->- ja (^I^—jjI j 4 jji>» .C—I aj&e-L-aL C-f>- ja *S ajb 3 i £jm 

o jl* (a) <twil?x<* c—I i_j jUa« .c. - .^l A-jli > _ - ■ >■ y jjl t JJi T JL*I jl*j oi* f jl _>a 4 ^ a *y?y cc—tt rad/s 

a_$jjI ^1^ fyi jUj (b) L- J^-y>; j* • rev/min *-> jLt* ^tajlj c_c-^ tsbi ^jV jl*j 

4 _Jli ^ i ^ ja 4 aj^pL-aL j a j£s&\-* j* 4 jLJ» ^yrr j_$a alU*J (c) Oj-i ^jp jUs> jljja 

JLpI aJjI 

•pij$,^ J* eSjb^' JJ^ 9 *i b ij^L-aL o^>- : J>- 

(^l*bjtj Of-l; .-bl^ C—-Aj j OPj-* jl jl <Jlj&il U tC—xl ^_jl*^ jl*j <; C> ; .... o ft jj>-(a O 

r^Ja 4 -U* *(Yjt)/ V = -Vrr rad/s JJjl 
[dft) = ft dt] J'bift) =JU/ dt (0 = -60n + 2t 2 

:c~ila j*_aI_ pJ to =-V • (Ytt)/ V =-T>n rad/s L \ • • rev/min <^1^1 j ^lai* ^jljt&U-1 

-30n=-60n + 2t 2 t 2 =\5n / = 6.86 s v l_^ 

:^jl^lb .aa j* yt~*> jl (^tajlj CPj-i aIspJ _>a <S' J^a^ j—*j j\)o t#* 3 ^ 4 fl>) 

0 = -60^ + 2r 2 r 2 = 30n r = 9.71 s v l_*- 

c—.1 j-;!^ ijta jLJ» ^ ^ (J 9 j 3 *£ t/bj 3 3 l»^*j (c) 

4 Ni aj^L-t- <_> 4 (Jjl 4 -ili \/V\ CjJjt _>a a^& pL- ^a jljJ 3 alJjj 4 A/jL 
OjLp jl (Jlj^ijl b .oJjl^-aL OvL* ji $J*ss- L*aL C. ja jljJ 3 alJ jo 
C$b—J v -— - *^i jb^lj »——j>- ^ i^Wjlj (^dl^W - * *1 C-*—» W 

0 u j<.8 

i^Uj <L#li jjJjl 

[</0 = ft) dr] J o °' rf0 = J q 9 71 (- 60)r + 2t 2 )/r 

r 2 I 971 

0, =|^-60^ r+|r 3 J = -1220 rad Q 

.a/^L- c^r ja jja A7i =-^ = UL/T L 

^Uj <U»li ^ja <j\y 

j 6 o 2 dd = j'* ii (-60n + 2t 2 )dt 

0 2 = J~— 60tt / +— r 3 j =410 rad 0 

L 3 J 971 

:L c—I y\y AJli ^ i ji jljJ 3 (J % alJUj ja jja A/2 = ~— — "Vo/T” L 

N = Ni + N 2 = 194.2 + 65.3 = 259 rev v l_,>■ 






TM &-x 


i-£-j Js \ . O— m \ eJL-i C —O O-J l; ft _) t/^ 4 b ft J f *•-< » ■■ > • lj ft) 

•r^A/’ ^ 'j 1^2! “I^i I j>i>j aU>u js" ^jj <i>/ 


J /, ,y; /jU (J-U&&A .<_>_xu/ (jiLa {)Js£-Lj ,y) 4jyl iZAt-yv yl/JU JjAi /& .^tuf'tZ*?> JA (Jy# (jLfZilk (JylfjLu )yyt ,y //Jj Q 

.yyij^jA QjLj (jkytj A&lf L^-uui yj OC lyjj .^Luf JjjJ Uk)b 
.iZmuI yyflC-bu llAf& y) LZjJy& (jllXA 4j <Ujmjl6 QyjJ y) {_/&* <-^4^ 4^yyulb 41ull) 4&J Cybf) 0 

•yi.ifjA (jL pU yj) Lyuil yJ IaxSIwA (JlyJ&l c C-)y<ytO QyjJ y) ijQuf'tJ\l/J TCV/S 4J Iy CC 4jyl iHJyLz 0 



^ ^ ^U^QJ ^y^yy^yQ 

l^.I..U 4j aS Ij B 0 jJj r^j 9 ? j* O^" 

ji j 4 _lij Vl_» OjLj < >tl—Jl L OoJU- jl Ljb .JJl 41 I—-I 

c..m,o ^1 jl jL *S y» .J— 1 Y m/s 4j ( jise-j~* */A m j-LLijI 

‘~ c -j ■ - (b) j (_£L1» L JLaJl jj C <dajij 1 _illJj (a) 0~>l <_ > jUa* 

.A l£s*-j£ 0 J-j j lSWjL) <—«'l~“ j lS^jL) 


4 LjL. j*jL» >—»L_i j op< 4 i_)*il lXU» jj JjIS' /I :(a) t J>- 
C—S'.A .tb ^4 C <laAj ^wot ^-4 ^ D^w»iL^« C^pj—» UI^JI 

iL c .4 jjlC c—/ liJj t j ti ^LaajSJj -4 t c^li' ^liJj L L Jo>JI ^-^tfjL.M .4 


[u 2 = 205 ] 


25 [ 2 ( 0 . 8 )]" 


[a=v 2 /r\ a n -— — = 10m/s 

L " 1 J " 0.400 

j] a c =V(lO) 2 +(2.5) 2 =10.31 m/s 2 v l^ 

l>i OpJ a^>Jj B eJji iSJJ j' ^ oJJi *—■ _f~ Ob) 

OsS" ciaAXjt .Jbl^y. (L^jl j~t~* 4_Lu2j (i i _j 

ijjjtjrflij O aJo/L) iJlSj?- j! B oJji 

[u = rw] to = — = —-?— = 5 rad/s 

B r 0.400 

[a, = ra\ a B = — = 2,5 = 6.25 rad/s 2 

r 0.400 

ai = r A a A = r B a B j v i = r A co A = r B co B jl 



i_JL o 


(o A =^-( 0 B =^M(5) = 15 rad/s CW 

a A =—a B =M22(6.25) = 18.75 rad/s 2 CW 
r A 0.100 


i_<1 yr- 


JUAo 4 


•)s9* (J* <-^ uu M <-rJkw O-ily* <toul ,y y «>yAJ /a" O/^ & Ot^/I lSl<ki! J&y of^/iwO <Ou/l) 4&p 


o 



Cb~y * i ‘j 1 ' 1 4 LLm*< 

d)ljj-'* 1—» j !j C-P_j _I l> C~f>- ji L^l^ijy 1 |*j15 *JL» 

j ^ cS'^ o'jji ^LaIS 1 l rad/s 2 

.x-u ( c—I to = Y rad/s *S \jA -dai 

tC—<lj c—i o-XpU jl oiliL-.l l» :J»- 
o) = -2k rad/s j ar = + 4k rad/s 2 


[v=fflxr] v = - 2 kx(0.4i + 0.3j) = 0.6i-0.8j m/s 

[a„ = e> x ( a x r)] a„ = - 2 k x ( 0 . 6 i - 0 . 8 j) = -1.61 - 1 . 2 j m/s 2 

[a,= ff xr] a, = 4kx(0.41 + 0.3j) = -1.21 + 1. 6 j m/s 2 

[a = a„ + a,] a = -2.8i + 0.4j m/s 2 

:L JjjAji a j v 

v = Vo .6 2 +0.8 2 =1 m/s j a = V2.8 2 +0.4 2 =2.83 m/s 2 


v'>t- 




T9\ J3L-0 6-r 



I—A j ) y* j3 ijC-lb- jl Ajljl 0—1 

jJ iT <> *S s jb ^jM <l)l»j Ajili •AY’A _> jj £ y 

1/YT m/s c«pj—» (_jl jIj <1)1 G j—S "ja j »ij-; j: j-ibj 
j Y ji AB ,L„ j- to jlj j-« .JLi^ (JLll;^* 

OX-« J-jl ji Ij AB -la— y- (Oav ku»jlA (jlAajlj C-frj~< 

•4“^ 



JjLwwyO 


^’toUAo JjLmmo 

j «J—i ajlj (jjLJa *—! cSj_jb-i^ 0—\ 

jl C_-—>-1^-SCj j j—1? <j AjiU jL^j>- oju ji d)l tl«P ^ 

jji jIj_*; .JjL. (ji-aljil A* • rev/min <-> Y* • rev/min 

..Li£ iSS^ J» cjJL* ja jLl» ^ N y>^ 

.(jl^ olii_*l oL~>Im jj <ijj j jji ib-l jl :ilji.i..i) 

N = rr/r rev vJj* 

*S 3yt- <£j\?£ jy* J y A>«jUo 0—Y 

d)ljjj (0 — \ • rad/s L O jl 

jl a-ilc — «l 1_( Ij A A^_j? a (_jll«i J V Jjili* .sSy 

.XiS t j i M n$j\3ji )oj\JJ (k_j) j J\£-*\ iaj\JJ ((_iJI) 



a—Lxa> jl a*\jjj£ Jiil jj>%a J y J£«i T j^ 0—V 

d)l t^l^ijlj (t-Ui »ib jl—L> aJo>J jJ ,X& l)lj_)i G 

jj a = U rad/s 2 ^-sr cS'Mj'j v* 1 - 1 j" =r rad/s 

A A ladj (i_aJ() j \Z~Jrj*** .JLiL^y* a»Li 

v.,« »».>■ j Ij i j—>• L_*j .J_^ Ij ^ A-JaAj («. J) j 

.JLlS’ jLj t jn ftJLi aib jLtj ^UaaIJ4 

v lj^ 

(i_a3I) v a = VYe, m/s j a A = -on e, +Y’Ae„ m/s 2 
(^j) v B = l/Ye, +-/Y e„ m/s j a B = -"Voe, +Y/Ye„ m/s 2 





l_JLo |alyyj>| *_SLjLj-— _ 




6-A JSwJ^ 

cJL>- jl 0-Y aJu—• JSLi JJai— _j?I 0-^ 

A J jl — L—J. (_$ljli B* iaAj J tij *1 0>£ y- A; jj£w» 

Y oJ a y aS^ -Lj^S” ^ aJu^U 0/0 m/s 

V* • rev/min aj t c—>Ij >._jL— L to^L^ —£•j«<* <uili 

■^y 

b = u«A mm —l yr 

Lj 0 jl eJ—ijj£ Z jy** (Jy - AjjljJI j*JL> aJL* 0—^ * 
jljji oJ—i ojii jl— <i- q>- y oc * v rad/s ^lAjylj tyl— 
jlj O* j~» a£ {J *j y I j P daii —Li j C-fr y .SSy 
,x£ ( j—; l ju Ji a) = Y rad/s jIjul. aj 



oji ) J)Lwi > 

iJ ^y-y *-U^ J jz£ <Aai c£j ^yi 0-\ \ 

ty. 13 ^ 1 *- >-:—*- y. <^y jbyJ ^jyt> <> 

* —S’ y lj OC (^Ia-jjIj —L_i .J-iLy J£_i JjLIm 6 

.j^jy yy**j ijiL B — "\ rad 



c^c-j _-L— V • mm jJai a_, (jjLJs £^_jr o-o 

y ^ilj ^ aLa> *Owal£L* .juS^^y jljji z jy** Jy lyl 

y*y jy 1 ^ ‘ 3 y*fiy* ® ^ * ° ^-^y* J a ? jy** 4 j' £yr ^ 
,jlA_j_jlj c-f-j— 4»>J ^jl ji .ijli a = -VAi - L/Aj m/s 2 

.JLlS' lj jUl* CC C—>ll*i J ft) 

a = '\ rad/s 2 j w = 1 rad/s —I y 


.y 



6-6 <!*«*« 


0—0 aJuUw* jU? A-J iSJJ ^ Aiajb >ll*i 0—*\ 

.c—.10= A* 0 4? < yj > .a--r/.Yi- w\YLjm/s 2 ^ 

A—i jLJa 0! jl j j fy .J-ilj 

y***A o y»y y>\ y lj "\* • mm Jo& 


jjJL-* i_Ss —j i Ja>- (jlAjjlj C^AijA 0 —V 

0—1 «JLi ob 0= Y/ r -r/ T + L dajlj L : J&L. o+>- y 

4 A0 ,o,.»*! <_JIj ji t j ^_...>• ^ 0 jl +S 

jl Jjlj ♦—>ll—J- AS* I j 

,JL^ a— l>v> Iju ^bly! rad/s 2 a* LY rad/s 2 

A0= YLl rad -lyr 

•jIj jl— O j^y* Jy^ o 0 —A 

_— J aJ y Pdaju ^j*£uLa (_glAla>J jJ jljji *A»i 

opj __ AibJ ^1 jj .c—I a = — Yl - Lj m/s 2 —l— 

.jyS ,j—jlj j U i^IajjIj —I— j (0 i^IajjIj 




r?r jsL-o 6-r ^ 


^ijbi4 G fj-?r y£j* 0-M 

^Ijb 5 A lad; j$ JL_<u A-_Jli \/ 0 Y j eiJ—i klTl/h 0 *P 

^.jl jj B js e^l_j>- ** .n£ A* km/h o*p j** 

0*p j—** j B OaxJ y» ^Iaji jij Op. 0~*i *\* m 

.J iyS \jB jA I Q } { av Ja-*» 



Lj 4(jl 4—J ^J-s^O l5L-j 3 J oJlJbAO 0-^0 
i> OPj— ^1—>- ..US^ jljji eJLL>l^il 0*P^ 

ji .c_-I Vo m/s 2 A J* _j Vo m/s -uo 

(*—■>) j dji ^ (<—*JI) <la>J ^1 

•4r^ * j ^ ^5ij C <ki) s—>bJi (^) j 5 daij JS' 

(i-i)l) a = r* • rad/s 2 *_jI^>- 

(^) a B = tv/o m/s 2 j (^) a c = YY/o m/s 2 



6-16 4l *m » JSw 


a = r/<\o rad/s 2 



6-1 I Auw JSLi. 

<-£wj £>'.> J**- «-'Y 

^ jUilj j, 0 01 jj 0 = (-\+\/of) e"" 4 klj L 

<Z~**Jy> . O— -I o-l—-L oib tO—-v! 4—*jlj k _ — .>• t 

J^l Y • OX» ^ jo lj o—'Li j j C«Pj-- 

j_o> <o 4_S” lj ^L*j oJj ,j_jl_»J ^.., ,.«y cSj>- 

.-IjjjI C—»Jj i-O J,_j^ 


J_H>- 3^pL— c~fsr ji ^Lko. 0-\r 

^Ijb flC <i_J jS"l .joS - ^ Oljji 0 OjLJ OLSLL 

C—p(^1^; LaojLp t-i—-L "\ rad/s o->Ij 

.X^S j-ju o-Ui «jb oUaisO jl eiliol LA daio >_<loJL J 

\ A = YAAi- Y/Aj a /1 = ->‘/Ai- V/*Aj ^\yr 






















W 6-rj^ 


Ua*cSy&-r 

■k-ibj ‘J^ - (j~i' iSb - ! •(* - ‘ ^ ij* £ j ' ) a * b Jl-^a* ^a- ji v— J— > ^L-a-l eCj U: .. — * 0j^S"! 

^■-r- ‘Jjd j 4 y*~* J J 1 j d>jS Jr-^- 4 ^ err - J #:> >^' (*—*r Ja->J aS" ^I^JLa 


A_J J-ai« Olji -LjL* C^S y- fj\j, Ij jlk* OS ’y <-STjlo— i jja y Y J-ai jl Y-^ y>*J jJ 

.aJo_i ^j-*: JUtil ^I^LIS" <^U J^la jl ^b 14 ^Jii- L l^h-i j [^y ^yy tj $L, ^jy y jb jULl ^ 
V-U» ^ J ' 5 .Xliljj j\y _^aJ -U (^IajjIj ^yifyS' j -tbjj eil— 'jUlS’ ^JU Jajl jj ^^JLS 0 ->« 

(ji’ cS ^— 4 ‘adbd^d J -1 -- b iSWj'j (JjS ‘j'- 14 ' (*-* J iS jS o'* 14 ' (*-* '■ K y x ~* -MJJ aS" 

.XOA c^Ajjlj j Jo*, J^Li ^ j (^lAjjlj J y J*Li pjk 

tS^A-jjlj O — y iy £ I !>b* .^S J*p jl£jl— ‘jUIS’ yujlZ oLm»Lj L o—I ^jV cjlia* oS" ^a- JJa^J ji 

<£jS — -it 0$ r y A_S ^LJ jj>xa Aj 0--J AS - 40 A*jlj Ja—jj OS ’y <>J^> y eS - k>- 

jl ,ij_; -ul_^ i^&pl—jl o^>- ji jj 6 t^kjlj j 0 <_$I-o_jI j op o.— o$>- ol£jI t ij-i^ 

Ja_<bj .OiL^ j_^pI— Of>- ji t^'AijIj oOAi jLD ij-^-l C-*S~ ji jl >£j y> iSjfr vO**>Ip j jol 

Cij— J i O Sj>- A—j 0-T l 0-Y j 0-) Jajljj j Jc&- OS’,^1^ Y-f j Y-Y t Y-^ »Oi 

.O-tb laL — Ljjl jt JjL j -Li JIaI yi- ajlil— I Ij^Sv« OS’ y- 
b (*— a j^i *S *i ‘C—I jolj jb~d eT’JJ «—-Lp uSOlo— Ji jiJa» OS’^rjj jl eilii-l 

4 -Uilj il?w L .XilJ «X>u O- jl aS" ijS’ Oa (jl-Jajlj Ja—jj jlji 

J —' a4 iji' j' eT^V J J 4^— 1 C^Sy .iyXy »ib ^>-OS ’y Jj—»l a 1—Jk»«J j Ajj>J 

.oi -Ul_^>- J-aU- ^TJJ ji jl Ojliol Ji *^yj v- - .i T jl U jiix* O Sy JJb»J ^ ^U^l .o—l o_Ll 

aS" -lAi ,^ 4 jLjj A— Jj Ij jikt OS’ y- J-l>J ,yjj *jiJ>^ «l*b*“ J* (^IaJ yj aJJL— A— ji 

jL-— y>j —a>o A_S’ jblp lSoLo— iO-t a»jO aLl-. ji *jys. U 4 ^ I 4 J_r" j^*d 

J_kp vSLj jlj-i^ a— 4_i_bs^. JISLil K, jldp ^y; I yj .}jSy jly Oili—I iJiL— Ja- ji IJ^S— J o-l 4 _^—.1—1 

.xiL^ £jL> ^^SlJlSU (^l^o—- 



C$~ Aju^tMja 


<,y OjJ-> '*-*> iSJJ r £}*-- *i L f~ 

: —- jtti" <jl o jS'j- 4 e#^ ^ y~ V—^ b £\rT ti ,4j .j'j 

yj iC~—il ^la ■ - L_> (j-xLaj 1—9ji 4^ lj C.-^ 4- ^ _/! £^L) (_£l«tiaAj 


^_, Ja—?• CU-oi <j C—<lj C ~ » — < *-> yj*^ i1 >jJj l j~>- Jaa- C- y Sy jl aS” -Lao^y* jLL> !j jllle- £-_y>- tJiLi CJ^- 

C^JJ ^ ^ jla;ul ■>* C A o-y ^ 1 jiU (j^~-* ^ 1 s j>)ji 0 $j* <yM^r • J -J L y 

ojljjl ^jlS CJl?- jl 0 jl jJ 4^ C'O' Jj-L>- C ~ »J y 4 j J tSy y 0 4jjlj #jl-Dl 4j CO ^yf-U-i Ja>- jl 

jUj 4 j e> r ..J jl j ^yjUyU- <kjlj .J-iL J <JUali t ^1^ JjL C/4 ‘J j*-L> £-_y>- •• 5 j~" L y lSo^" 





94_.jlj -uJl .a =a) =0 j(o = 6 ia 0 =v 0 =s lV 0 =s jl y as - 

cjo i_>liJc iJLil jjLi sS Jl?- ji Cy^ *Z*£y 4jjuL>- .jJhL jL jIj i—™>- y JjL 

to cu$-?-'_i^A_oc c~$-?- Ojj—? jj-jl jj .j j—; J-*l y Do c~$?- i_i!ls^» 


,^tW .* L; C *j 4- J a A i l_al .'—■■■'I (_JjLl^l (C—iL Ol.^>t< l«Xy» 
/:— 4 (Jjj j-i C *-^ *-£ «j.C-l oUai?^ I«V <^1^ aJai 
jl j J_jJL>- . ~ il -^~->. j t.). '.S'^yQ \Z*Sy- C C.■■»••' <j y~ 

o^r Dk> 4 i 

v = 5 -r sin 6 = r(0-sin 0) _y = r-rcos 0 = r (l - cos 0) 
i = r0(l-cos0)=D o (l-cos0) y = r0sin0 =u 0 sin0 

jc = 0 o (l-cos0)+D o 0sin0 y = D 0 sin 0 + u o 0 cos 0 

= fl 0 (l -cos0)+ ro) 2 sin0 =a n sin0 + rw 2 cos0 


IJJ 0 = 0 t J jy ^lo^ <Ji>J (_$l y 


Cj~^ >"^y l ^- 

J v = JA + yj 


j—^j* iSy^ 44 J (O j r <j l^J (<J ,_ 5 _jj C *<Jai jyj L -Ji>J jj 


—y O^y^y h 0 C~y3y j-» y C *. 





m &-r 


jbii- >— a i.~j> *A ^{jicjSLj <j,\f' JjIj Ij y*jd Oj*^; ^ lS^ y. '-* > - ' f-* Jajljj ^jjjIS^ 

(^Lft^Jajlj tJ-iL <custa j~i cIj^a ^\AT j ^ •■ s ^ L#iJ^" “V •■•■ "' *J-i jULi 

■ ~ ^ _U-a!^o>i_! jLipI ^*>-1 


.CUuiI) Muu It tlf'jub (jbli jyJ 2 ,jw Ifj'l )fjjff) y plujjj tlbliuilj ]bt(f'ikil (yj y ) dvj, Hut (jjj 
£/£ <J> 9 / (JflM Hhil .(^u ulX = y — 0 (Jjl/jlii y a)# /JbD c^£-/m (Sbb (J"IM ‘*^® / •/»>k(j A Q — ° J&9* lImjj! £j}>b 

./Jj (jA OUI//U 0—~\ (jil A/ / ) (jUUJ ijyol Mupi 


. XSMK— 200 m 


A-6 dj^oJ dJLS^o 

j* .SyZ^ o XJS VL toXi «.sta jlw JjIS^ j «jiji <e-yu>*j> Ja~j y L jL 

, ^ L jk *S iS ,e A^ •* A * i ®- l f^ a JJ JJ* 

*—■’b—i j <^~t'j~* .XAi^y* Iij Jj>~\j !«->«■ > • (_^j j£jj£j L >0**1 oJ_i <ll*j 

ij[—*ejij» ^Ijj Ij jUhi* a (^Ujjlj *—’bJ. j o) o* y* j L jl> 

. .X...5 ~ jj Jajl-Jl 0>*j 


(Oj^-x <Jl>- ji Ojiji) ft)| — <Uj —0 


(a) oJU- 

= Y rad/s j a 2 = w 2 = -r rad/s 2 

:Y 


) i = \ rad/s j a i = ft), = l rad/s 2 


(b) cJU 

> = Y rad/s j a-i - (b 2 = -Y rad/s 2 

:Y *?? 



I'Ll o^iji ^jj ^ (^l-dai «-->bJ, j OP r : J-*’ 

' ) ^ *jij -^--kcy 5 k Adz* jJibi* (Vj'li OS’ y>~ y\y 


) e jlj—it <J dt jl«j jj AB ia^ lOl OjSL- jj (_ 5 lAia>J jjJa <j A 4Sbjl ^3 £ ^xi ji L (a) oJU- 

:i >^— ' y~2? '-f>' (>^j lS^l^ 4 J *£ (Jjj jl .-Oj^y. AB' <J J ej jS jl jji 

ds D = AB dd v b =ABcd (a B ) t =ABa 

ds 0 = AO dQ v 0 =A0a> a 0 =AOa 

*4j'j OS’ jb~ ^\y a D = r 2 a 2 = */U-T')= - * /T* m/s 2 j v D = r 2 (0 2 = */\(T)= */T m/s-u o-y L 

ckj^ 




t-JLo |»L*>I ^-SlJl.o TV* 


a- ds o __ - 

4-f - 9 


(° =v B f AB = v d / AB = = 0.667rad/s (CCW) 
a = (a B ) t [AB = a D /AB = -^ = -\ rad/s 2 (CW) 

:Ij O—I ^j!^j L jL j 0 aj o^^p- 

u 0 = AO Q) = 0. l(0.667) = 0.0667 m/s 

a G =AOa =0.l(-l)= -0.1 m/s 2 Vj;r 

AB Jap- t A a Jjai 0^_^p- Ouj _j C aJoA) oS^^p- L (b) oJl>- 

(j-i* t5*j-! cSJJ j' J—i«V A'fi' C~*3jp Aj jl*j ox* 

:jl XJjLp 1^1 ^yUj ^UjiO j aS - (*xS’ l5 a *.uLL* toJU- 


Case (6) 
dsg - ds A = AB dd 
ds Q - ds A = AO dd 


n} 

(a B ) t 


Vg -v A = AB (O 
v a -v A = AO (0 


(a B ), - (a A \ =AB a 
a o~(a A ), = A0 a 

IAj y l» 

v D = r 2 co 2 = 0.1(2) = 0.2 m/s 
» = r 2 a 2 = 0.1 (-2) = - 0.2 m/s 2 

'-f-tJ* a j*j* iSKj'j ^j>- iS^ji 

v„-v, v n -v r 0.2-0.1 

AB AB 0.3 ' • * 

(a B ), ~M, _ a D ~a c _ -0.2-0.4 


v c = r\ (t) 1 = 0.1(1) = 0.1 m/s 
a c = n oc 1 = 0.1(4) = 0.4 m/s 2 




AB 


0.3 


- = -2 rad/s 2 (CW) 


:L o—l J j L jL j O *j Jp jj 


v 0 =V A +AO(i)=v c +A0(0 = 0.1 + 0.1(0.333)= 0.1333 m/s 
a o ={a A ), +AOa = a c + AOa = 0.4 + 0.l(-2)= 0.2 m/s 2 


Jui*o olSo 

<OpJ <tOa M{lf/ (yJ/J.bj v«a JU/ 6 ‘ M <Jy 6 >1 ^/A a,^ «/"Uii 6 Ail/; Aay 

<Sl<Ujl; <yt 3 , a-; /S' 0 (_ 5 >/ A; AjzJjw <Ji .(a b ), 0 &" C ^ ayiltf- i/jffjA ofy (yaia u> /l/Ltl ,/ B (jyA 

/JO 6/9/9 

(J-ck/ (jjJ dB Ajylj C-tiJ AB (jl/f) I “ifib AJ B y O tzd/6 6/aLL» ./A>)(j6 (jLU ly tfjl fjii ijl&Atulj (jfjljJi y (£ua/^ 'jjJ iU><Uumj/ j 

■))lui(j6 jIUmiI ly 

(jJii (jLe>iZy£-/-MJ y 6/3/9 (jl<Uyl; C^£-/-mi (j-i) thjjy AB M <j'/6 (jl y y/ oyS/fjA 6/t>LLut jLCw ,y <rf' J yi)jUjt. (a) < j^JIa a pjU 6,by/ 
f V-l b “Mb 0)9-! (J& Ul ■/yyi'jA /y6y{ /, 6/w 6/1/ CjLbJ ^Izh J/yJ (d B ) t =O d tfl/j ^ c^oaiU .//[y, (jMjIxa l y B y O . A J>Uv 


O 

© 

e 

o 


rvi 






yJLs fL^-1 ^SLjU^ tVT 


0= Mfl] ! l =r 
(0.2) [ ^ J S '■ 


.732 rad/s 2 


Q ojljjl O.t-a O ^>- j L^jT l^jj .l‘»~..ft i^UpLoL C.- ^>- ji 0! 


J® 


i. V »JLo 4^&j 

(S/j'yJiLA XX + yy — ° Jl ($f J*yJJiA QjjJ fjiu .lImv) jl jl jJaylw (Jjffla jl oi'dial Lo 


09^0* *>b ££/ X - 


yy 













tj-jJ j 1»<-J jji *->BjA 0-t** 

* i B jAj$ LIS' j £I .jCloJL-Jrf Owl (Jjlix* te-S "^4 

•/i m/s j */r m/s ijb 

w->L-w>- Ij *j-»y lS'M-j'j c-p -r _— j 0 jS’y* op^ t-oil 


<_, ij ab tiLji_< 4JL4 w ^i<_,jij c-pj— o-rr 

0 j-i ji Q) c CjLI (_jU—J jlj C-Pj—< J X <J—e»L» jl i jKi u 





CM <JUtfl* OpC £) jXJLw> O—Vi 

iJjj 'j C *—Ui c-pj—- .jj—» o» mm/s op^— L« 
..OS’ wL>- 0 = 0 • 0 *ii>J jj ^i»l ^Ui*!j 


op^— .xs ^»-i> oLf ^ .xtf jui o-r\ 
fi j A A_L<»ii -isyu* ji txS jJ j; o Ij C uSo u ^yiii 

Lj Ij <LpU £jA i^^^JjjX* jXJL~» .XS^ jgJu I^XS <j 

9 <-—■>■ j>\jC Sj Jii\ op iJUi JUIS u 0t>* 


n 


o_S"^ ^5 <_, CM ^1 ^1 jji o-S’^ o-ro 
J*—j.> j-S’^ *_» *—S i y^ij“ J.j* *i J-'*"* jl^ 
(_$lo_jlj Op j—< i(y (_5l<iajl j U ^yi*! 


®3i3 t_pLu** 

- 1_» -cL* jl A ^1*31 *SL.l£jk 0-rY 

^Jow. (jjj ^ -cL* o-lj '-*j^> ^ 

j~> Ij ((0 —Q) *L« OPj—< .ij*J,y OjU 


ji OA p*l 






rva J5i— 6-r jUo 


_5il j s C j B ^LfcoXjiJ C-S - ^>- 0-PA 

(_$ljb i4 A ejjji] \ZSjf- Ja_u 

j 5 i_«3Ls^i j £j\ —• jIXU iXiL U/i <_$Aftj <j _>j 

0 jl L# *jlj s- » - > - I j xi— * jj j»> kj <j *S Ij c 


V A 



6-PA <11— JSLi 


^ML-j d JJ OPJ— <s\j-, jijL* o-pa 

j XL «<—L* ijj-io ,j—i_jj\ c-—x 0 v_——>- ij—jjl 





I-L.H 

6-r A <11— JSLi 



r——*— 

6-r6 <11— JSLl 


jUL'L i£j-£j* jl jjJ—• k£»bL 0 —PA 

aj&pI—aIj ja tU c*jLJ (il*-jjlj c^pj L O c^li 

jl J jj 'A <L* j A jL* iXpL liUbL .jcS^ OIjja 
a x ylii J l) x ^$1^ Jajljj .A X Jii\ aI.U*I jA 

Clj-£ *jlxJl jvjl—* cJU- jl *S i0 *jj\j (,. . .>■ J<JL« 


,XI~Jk |(Jii kLw (A 



*—> j »XJ» JI .tfl» 0 4 Laai jA <JL> 0-PV 


CPj—< »B c-jI—j u—^J jjX* jXJL- j^jLi 0^ jl ^4 (^Lfol 
^If-ijlj c^— *aIa Alb <u Y • • mm/s c-ll 

4-? (_gU—Ja>J jA Ij CM 4 . l t » 0 i^\a—jj \j (_jll—>1 j 0 

.jxS" kjl— ,c—I y = A* • mm 

0=./nPA rad/s j 0 = -*/*Alo rad/s 2 kJ^- 



6-rV <11— JSLl 






aJLs |oL^>-l i ) L o . 1 j ,**! _ ^Ua.9 



6-f r <11— JSLi 


•a/ LiaIj <il«£dp jl ^JLi iJSLt Jjlk. a-ir 

iXsS^ jl jji (0 c-jLi (_£l<_> jlj c-pj—- L *S <_$l<ii»- ji j 
I_»i_£iLp aj ij j_j lj (l = l) |JL> a_jI— .3y>y <JU>w 

b?j j_l ^LS - »jljUl O i j lj j_J / ^JLJ C_jb^_ji ,_L^ 

ij-**! ^ll—lj (_» . L > a—? i^<{jlj jj»«J ^ dJJ^ *■! S'-—I 

.xiL j3jZ J»IS 



fi-f ’ r < 11 — JSLi. 


ji jl J3 i-Sj jJ -b oXl MjJ iijis jjji 05 <lL» O-ii 

ji (0 = r rad/s ^Ia-jjIj c-p,— ^Ijb CA /l .3yiiyA 
0 = to° j3 lj OB (^l^jjlj c^j** i-uiL c^S”j^- jl ^I^JLtfli 



B J-!J 5 v-v bT-^^r v-M 0-i* 

• a -^<y Lri** cAi^Ly.y ^ ^ 

*-£ <_$l4_li>J ji Ij C «j_ 5 y ct (_^Ia—j jl j A-jlui j o) ^IajjIj 

j 1 rad/s j_il y iw^j j <i A (_$l«b jl j k-jlxJt j (^l^ijlj —p y 
.jl^ j i_^pL-iL ji ji y> T rad/s 2 


6-f • <liw4 JSLt> 


•xi *ib jl— c~*j y jl *£ y&J* OA i_&J 0—i \ 

.J— (Ooa - A rad/s ^Iaj jlj c~pj~* (,$1 jb i-u5’ l# a j j-p 
•J jiS - ^j^*J lj C5 jbjLi ijjjL (Ocb jtUi* i^l<djlj aXp j~» 

.x^ J?- ^jp- jl— ^Uvibr <LjI j djijS’ JiUJ L I lj <k— 

(Ocb = W'* rad/s —lj*. 

T“ 

120 mm 

i_ 

b-f 1 <11— JSLi 



i$l«-ijlj a-> b-1 <jljb OA JL -J /I O-iT 

c—J j- ja 0 = i rad/s ^l-ojlj xp^- j 0 = a rad/s 2 
.J—^ jj—j c~«3j« ^I j3 \j B jj>» k_jb-l iJLll 0 = 1 • 0 


. XS" t y Jaub- I j apIj j~» j i_$jllp ^jjj L j* | l^j jli 









B * iaju 4_> jXJL— jy _-j J_. O-fA 

t^iW-Xl OPJ—- Vc jl-li* .-Ui^y J£-i jAk* IJ Vb op 

.x* ^ 0 ^ lj ABC lSoJ C 



a, = ra jV = rco _,Lp os' x-a* oLAJ o-oY 

jjX lSjj *S C—I J>-j>; O £jA o £y /iL 

CPj—<i t(_. ;* jj 4—» Of J (U (jl ji aS’ Xlp^ *._-l>u _j yjLA 

•■*—J—cSWj'J J tS^'j 

oil—** X. ,A i »jW j •ijS’ JUj I j 0-1 <U _j*j <1:—. 

lS'^jL) J 'Xp^-. j-aJ <^1^ .xlX lj 

ji £j->- lj tP^ j AjiS’ OSi (^4*" •£_/? 

.(Xao .u^skiJ iJct " ^Tcf* XJU- A 


jXL— j j : — < t „ .«o ho—y AO l^x! jljji 0—6 • 

XL! (jlj--* I—; (jUj jl ji (j^^* 

tS'j-; ‘Ajli y tr'i'jil •* = 

i^La jbjl a.sUoJ L» 6 ^ j-Lw jlJi* ^1^ A i^lf^l <-jbJi 

.•Lujjj H-t CilxAa ji Ci J C n <So 



l jL-si-j?f iL>ul (_5lj—> ^yjJLSl. Ij_Jj ► 0—or 

j A >■ *_>■jLS^j X-lj jj P ( j i j .xiL^* i_jjbx 

(jd'^'-X “X- ^ji C £j>- ^U-i jLA js B »xi Jii 
JJ 3 fJ L fr=r'-^. C £/r ‘(X er^-rT X)- 5 
l^lj—; .Xilj^* 0 = i0° (»Xt oib (jULi jPJ* OxJ^< jJ 

oj—*- jj (D\ = Y rad/s . A^,—>- o.U ^Ijja op^— 

0<-=r lj C —>■ G)r (_$!<—<jlj Op^ ( i_^pl—» 


-j (C—-ly = Y* • mm oS ^lokJ ja o-o > 

—5 ( ■ S ’ y*~ A ^j. . «< o C ^-SvJjjXa jXJL— j 
j-~* x-pa^ lj j = -> • • mm/s 2 j y = 1«« mm/s 
<1 ji lj Afl L^jJ <J J» yyt (X (^I^Jjlj ollA J (0 (^I^Jjlj 


( 0 = >/Yoo rad/s CCW 
a= */1ay rad/s 2 CCW 







(v_j) a = m/s 



- ^ d*.r^ ,J:u j' ,/i ► ®-®*' 

iJ—iL (O 0 J OjU i-£j OS’ j~» £\ .Cw»! »Jijjii 

&ab v-jli-i j (Dab j~> iS^y. 

ji I j (Xab 3 (&AB jLjj 6 v,.. ■«>- Afl j jjLi 

_^aj ji C-i* O_^pLoL vl~f>- 

rcy. cos 0 

(0 AB = • v l^r 

- W —sin T 0 

V / T 


C-S’j>- JL-itj Ai-ib JuiS" 0 = t*° ji ^^£ipL>oIj 
<^0 L* 0\0rP t!—Li* ^,.^Xa *Ja^lj -la*->> «c5^J- 5 J* J- 5 

a> Y = \/<\rr rad/s 



alj-jul jj C)I/l *—$ ^I&a AB -dL. ► 6-61 

vC ji »Xi o_ji» i ^ t j 4 j>" u**\ 

*—* m/s J —jb-i L x — o ji oJl^- jl A 

<j\*-ij\j - “ & ‘J-id tSj^j K^SJp- O Cwil J <—9 

.x^ v_j 1—*• »c—<1 * = ' o • mm *S ^Ida^J ji I j AB 

a= */U‘Arad/s 2 CCW v_.lo- 


Ja—«_jJ a J—i «ib jULj 0 ^^ ^ 6—66 

4—laalJ Lj »J—i Y)—i C.4 ... * 6il—« J^jIa Vi 


*—jtt ^ j—>1 t_£j jl»j _> 0„ = tTjM Y rad 0 o°) 

('—«Jl) 4-S" Ij '-r’k-* 11 

.JUS^vC— I0=7T/\Y (u)j0=o 

(v_«JI)a = •/<*•<* m/s 2 VL v_i^ o 





—JLa jsL*>l 


ta* 


C+CjM* &~f 

Ij <Jj~a\ yA Y-A l Ji >u jJ .0—1 ( _ s ~ — i O ^y J yff I jl a .iU—I ti_ J — > ~>-l t-£jl. O — y ,j 

Jij aJA** J £ -Ja» ^l&l (^UjJ*- Aj O-J ^ ojlXl 

Va = v b + v a « [Y-Y*] 

.|*j 3 jJ jlSv; B j A a ji ji OS’ y *jja jJ Ij 

Ol)^ cr**^ C*Cj*u 

*—^ aA ' J* C^y *£ X—I jjjl Aj >«0 —’bOl eji ji jl (^L>- Aj i_ J — > J»—>- <SZj i^Jj y Ij Ajaij jJ jj^l 

A JaX 1— j-lai Jjj^ AjaX ^^pI*— aJu^I* Uj »XiL ^lo^jb j~—» l£j XL tXL^ JUiil j^ji aIiaJ (_$jj a£ ^^tlj Jbi jl 
v-^ f'—’H <j'*->*i** c—s'y Jib— jl ^Jji ^jl>« c£lj* Ji' •XS'^ Jtip Cf J* 


— 4 A>*i—> jj aS’ Xaj^ jlij Ij jv~a>- ij£— .0-1 «Xi *ab ^JbUj 0-6a J5Li ja _^l* ^1 

A_li^ji jj Ojj-—> A_U-^» ja Jj ^ . ■■ -> - OS’ y *£ iyA sX*L— (jl yy •-*— ‘Jy* A'B' O—i ya Aj AB C..Ojl Af jUj 
ejlJ_)l A— B' J y->- ifji Ai >-ya ji j 0-1 Alii JU-I Arfl ajljjl Aj A"B' <_£jl ya O—S ya Aj - t Jjl aL- ya ja .0-1 

A b-jA aS - iyZya eXpl— i B' jA aLa, Aj «Xi <JUJI Ar'-)*' jlji yj> ya ,_jU jyua jl .C—I »i £ ijljji A 9 Ajjlj 

LjtuU- Ar A/B a jlj_JI *—>Baj c~—j A AJai a-y-ya aS" C J S'J»iL< ^1 jji t(V -^ y {J> 

Lf-^y A tfl-flb (jjUi* j Ojli B C-jIj j_p^* ^Ijji (*—A>- ‘*A-i J~A»i* B Aj A^ jlj^ ^tc JbJ jl .ijA 

ijL (0-r L) 0-Y j Y-\ \ ^IaaJjLm £jjy*p Aj aS’ 0-Y j Y-0 ji *Xi Qjla< ■Jajljj •-^5’ l _ f * ^byl ^U^jb 


.aaS’ ^ t—iwjjj I j A C-S",jiA»ij t AJxi 

A aJoL .o—l oXi v_jL>OI (^jLa^-I j_^i» aj x-y jlji y ^ry (£\*jy* JUaJI ^1 jj ya aL£ jl y aj B «da£ 

Ij t^JjAj <Z*Sy B aS oAaIO O—Oc (jjUx* oJl?- ^jjl ji Oj— cjUol ya aUa'i jl yS- Aj oxljj^ Jj 

j A 5 aj^- jjA v_jU>«XjI £^rya jljip aj A a_>- ^ oAaL— .0—1 o-Ui <zj jZ JUj ji OjU aS - jjb A aL£ 

. Ar^/A =—AT/i/b aS j O—I iL 0*$>- Jl— ^jjl Jj .o—-I jL~$o t _y-y Of>- Ojj—> 

.xi^ o—x o-oa J5Li jl A <ki J? ^byU- 4 (*jj;^ jJoi j^ {fry* Jl y•* aj Ij B £ I 

At a = At b + Ar a/b 


iJ^Ajy* Xi jl aS - A^jJ .X-iL^j rA0 jlxiu ^Ijb aSSy J— yua Aj Ad aS y&JA i Ata/b Jl y AS" 

j-> Ata OjI—p jl .X-iL^ AO jJLa ljIajjIj <sSy L JaJ y Ar Am <X5 'y a x'-y' ^lol oU z>%a 

•Xl^ O—Jj yj Lf y OP y Aiajlj aAs- j At Je>\^ja jUj 


[vA=Va + Vxs ] 


(0-0 





VA) 6—Y 



6-6 JSLi 


^jtjjLjj .Ajl « l y (_jiL-i 0-1—i B j A l y> t 4.1 —ali L>tJoI ji a 5 OjLL ^jA b jL~Sb Y—Y • 4lajl j l» OjLp l y\ 

Ua/a = lim(|Ar A/B |/Af)= Um(rA0/Af) .aj^ c-i jb ^ ^ 

: ( wjli£t>=0 Dili jlyb45 


( 0 - 0 ) 




- 0—Y* Jjl a)oj\ j jl oilOJ b j rA® jlij< 01 j^p <> r ^ ji L 


[ v A/e = o x r ] 


(o-D 


~Aj C—oJpU Ja *y ji C-f>- j oij; 0-54jxi-9 ^ i y& 45’ 0-~A Op J~> jbjita jl ji 45 

ii ji ij—^ (J ■i J 'j ^as~ jJ ojlj^A 0-P^~« 45 Jpi^j* jUb Cj 0—Ob jj-ii eJpLL* .ij-i^ 

.xiL^ ij*p ^ ij_^. 


j_i o-l JSbO ji .ii £ Lr j> jj 1 jj ^yljji j ^U4i3 y 4Jl5l-JL>- (_51*5 4 j 0-L 4lajlj i^ jj15 

A op^ i£_>- J* * _^ y* ^ 5(_jl»«il b .JiAi^ jULi lj c yJu4> j*— j»- (_$l4>»i-9 c-5j>- 45 o—-I oJLi Jl5b L*4i3 j* 

jj-A ji .X^Xjy V/jb — TO) jl-L-i* i^ljli 4 —^ V A* = O X r ^Ijji ,jb>u J Vb <Jjli^J £*p- b o~A ^jI y 

4—la Aj ji ( jj (J-^lj ia»- ji J j-*P ejly-& a f ^ t> " «0*Pj—» 45 4l£i ^jA .O—A AS ^j / l a -a <^l*ijlj OP y c|ftjj = 0 4lajlj 

jlj—IP 4_j lj A 4 l a41 ( B<hju bf«j 45 -bb 1*0 .C—il jl (_gj b ... ; (^jljJ ^4 Jl—15 tJL—b^« ^lii ijj<* 

.OjLJ p-j lj ^ibt« jlij^l '■•hjiy* jlSb 




»_JL> fLo-l OXt 


TAX 




b-f-JSJ* 


tCJl_5>- jj—J I ji .iiJ£ ^ j-jl— <Jsj ji ji Xjj ( y l*J i JJ* ji Jjl jj^y* 0—1 AJiUj* 

Jli* i—*!A>- y iCJl?- yl ji . Jjj-Jy «_>l>Xl jJaj ijy aLX ji IaOxJ j! t_£j jA <_£jj y<lw J^lij jl y£- Aj B j A Jslij 

( _ J ^——j OPj-i a!*jI j jl ^ji eiliUjI .XjUyj OjIj Ifil yj aJL?U Aj**X ji teijj >—a Jb >v» j*-~j>- ji Aj i»jy* <Jai» ji t^yLi 


•Xi X*lj>- £-yla* 0— \ • <j j*J aJU— *4 ji 


^y^wJ C*£jJUJ <U«ilxO Jj>- 

J 9 ” ^ J ^rT Id J ^l£-l j~r y—’ ^j~- ^b J*“ 

(J-ri ^ 9 W'jl L-j (t—'j aA»»a yX-jL iC~<1 (,£jbjj Abl** aXjLJ *£ <_£jbjj ylO X^- tJL>- y ji .i jJ, 

iJjj I—*jbj* j^j-^ j-jj-X I—* b —'I (J L*a_a)jj* o'ViL*^ ylO X>- yl jl aiUiO L .a£ jl £S\ l^^S’ 

jl_jy*A J_>- jl jlj_Jy tUjby jij£ Jiyjaj (^UilXUl jJi v_A>Xl Aj Sly*** .i jjl C -O Aj L» ^UilXul 

ji j J i(^UA_iJj^ v_—~J- y 01 y^y* b y—J C*£y>- aJojIj jl a1*j>- jA ty^Ji ,yijj Jl y^ Aj .iy£ j»Ajj OViUj* al&X-i 
J-j»U>- yJl£—-I aJjLw ji j_J> eib jlj_5 (_gjl . * tl y>y jjio aj t( yJj j i ^UaLk>- v_~>I jJ> *£ l y>^* j C~i y 

■"/ty 

J-^ J-^* 4 tr^ldJ L jl Aj ^dli aS - _y. ojj^j iJJL-j jl ji 

(*-—"J ^ 0^^* 0-A3JJ* jJ uwb |_j-bAj* Oo jl a^lilvil l) ^ji*j» i^l-^jl^jd l^l ‘CJb- jjjl ji • i JJiy a (j^r - > 

ciJJ j' l*O l — 4 iX^^y J #:i ^ b Lf ^> X^- aS - iJ^U jby 

ji .ijb - - fjiji Aj y»J J aLLj j ^j*y CJj ^JJJ* ^U- Ail_j Aj JJ>J Jijj v_jL>^l .XjJ,^ (5 jJi ajUl 

.XloJO aib jLU ^jijj a-jj jA tXol^y LSUi* *S ^IaJjX Jjl_* 

JjUj* tX*j ji Jj fjj by aJjUj* OL AS’ XUS^ AJ>-jj tij-j^y* A3y^ jl£j aI:. * Ja- ^\y ( _y*JJ A>" aSs^jI jl 

Oil jlXia tjli* jljlC- Aj i JyS’ y-X Ij yllSL-l Jyf>v« Ji jlji,_y cSjby aJ^Uj* OL J^- L { J*j iC~-I ylbLjl Alajlj ji L 
.Xj-i ^yas^-iw* j yL-lxi Aii*w* O'Vj^^* j OUji«A lAiiw* Jp- ^Jyj jl JJ XjL XXpIs .J^ji jby 0^>- J jliy 





i j k 

y A =3i + | 0 0 -10 =3i + 1.732j + 1.0i 

-0.1732 0.1 0 

= 4i+ 1.732j m/s ^1^ 

•C~J jL-Sb jLi y L jl j v A =yj4 2 +(1.732) 2 = Vl9=4.36 m/s jlJLi. 


JlJLo Ol5sJ 

0<i cZaaauJ i (jl,l) if'U/J j y£J j) A (JUtfyuu ulAjs I, Mfijo 

•>z9> lIsjjjm ,b9*> <S9z z 1 (S//>/W k I , y yl/JU y ^jujy lZam/j) (jjjL&a (j (ylpfjA jJ !y (&/I)/J 

(J^zb/i QKfV k>lp* <t /zjz.^uti .;jmw (jxliu gf* <th£j Q/lps- <tz C(juUz thi! Juup (jal, <v Olf/ye /, (j 9/ yj <tkai yjt. 

■Ai/^y lj £y£ yj J>(Jj ’I (^)lyjv CUS-yjuj 

,(^zJyjLi{ .iZA-uil OaAjH gyli <^fyb 4/ ZtZs ut* /fjli y) lZmuI (J&b <Sstzuu 4/ <Szuvly iZMU) t/e-13 4j 4ay b CO yl)yj 

.Oju) (jilt 



b-K 4j^«j dJLLyyyp 

OA *—£ j .0Jj n i jL -y C ij CB i_^J 

CB *£ »xi ob jLL C>> o ^4 jl (JXj ^j*\ *£ tyUy .JjUJ jL -jj O J 
75 mm9 ^ ^ rad/s CB Cp^- n^.1 ^JIS OA j ^1 

| U AB j OA i>di>J ^1 ji .c~—I i ^zpLjjL 


<> V/i = Vb + Va/b (_yr—1 O; 


to 0 A *r A = to CB x r B + a> AB x r m 


- I J*- 

: jl Ji *S 


(Ooa = 0) O A k (Ocb = 2 k rad/s o) AB = a) AIi k 
r A =100j mm r fl = -75i mm = — 175i + 50j mm 

M .. t b L 

(Ooa k x lOOj = 2kx (—75i) + %kx (-175i + 50j) 

-100 (Ooa i = — 150j - 175 (t) AB j - 50 oj ab 1 

‘ j j * v^l j~i> jib J J L, 

—100 (Ooa + 50 (0 AB = 0 25 (6 + 7 0) AB ) = 0 

l^l 


“>A B =-- rad/s 


Uqa =~~ rad/s 



t A & j £b-f 


t'fj = 150 iran/s 


y Oil* ^JlSwl A^JCjk hi*JJ *t.l.t. . 4 iC^^-UA _ j)l^M»l) II 

^ —1j ^aI y£>\*- Ojwsj ^1 jj Vfl _J Va tC—-I <oL- L>ol jJ Laj^a*- 

:L C—-I *£ |*J^—*>-Vj IJ Ufl ti-lljl ..UOA Sy*A 

[o = ra)] v B = 0.075 (2) = 0.150 m/s 

yi> Vfl j \m> 0 < 4 jlj j A-iL AB y OjL V/w j\sy .c—-I «oi <ob jlO jl c—-jj o$p- JjUa. j 

:a jo- <ijlj ^1 .j jL-^ Jil jIjluI L AB aS" o—-I 


tan# = 


100-50 2 


250-75 7 

<jl cS 1 .* J lj ^ Va Ji\ J)\>y 

Va/b = i>b/cos 6= 0.150 / cos0 
u A = v B tan 0 = 0.150 (2/7) = 0.30/7 m/s 

'•^^l f* ir^7 iS^j^ 

r , n 0.150 COS0 

[o = v/r] 0 ) AiB =^Mr 


[m=«/r] 


AB cos6 0.250 - 0.075 
= 6/7 rad/s CW 

u A 0.30 1 3 

0 ) OA = = =-= — rad/s CW 

OA 1 0.100 7 


J lJLo olSo 

6)Ibjjjj\ O — *1 £ O — (^Lb4)plxA dvJs /} Q 

pyJ^Ljjj lZaJ-A /) •/jjvbfjA k (JhA <-^*44 y) ft) OA 9 ft) AB iS^/b/i y) {J&* Q 


•Jjjjb <CujjI) lZ^-SjUla (_£ J)M <j ^ 3J .b (J>9^ JJJ ) k C S/b/i A& /) ^/b/i *-**£/) ^A^ >u/ Qjh&b) <LuxxaJz> 


^ 4j^oi A 1^ ... n 



ji <S c—-I jL^a j ^- 1 %y j Oij JSLi 

op j—~* (_£ljb OB i_£_J ^1 ,o»— jI s J_Ji oib jLiJ sJj^i! — i_^J 

6 = l^o—j-ijA ja tJOiL o^_>- jj >o* • rev/min 


j jjjLi jl G <daAj o 


y^xj ol ‘_>jUa. 




«otj <( JaAj (jl^lP B^lOw.Jb 4 j AB t£jj B OPI ( Ja- 


t •j'j-’iy’ 'j 


j <lajlj j. j a^lft o l A i. 


Va = V„ + Va/b 



ji'ji 


s^30 a 72.0° \ 



V B =(0.125)-- —^ = 19.63 m/s 
60 

• Li— <1 j. f.L— - jj->*^ t _ 5 —I wl il-lul ji V/1 O-$J>- 4lJI .0—1 0B j) $y>S~ j 

eib jl - Li jbj^-i ji *£ 4jj£jI*A j -Li eib »jj J~0 la- ji 4? jjlajl^A 

■4B ia_>- j— I -bL Vab C~$>- te-Li ASi'fi jlaj ji C-jIj £>Tj* Akij B jl ji J e-Li 
bi~—-b l j ..iji— jjjLi jl P 4_jjlj 4-—«L»V4 i _£—oS 4j Ij ^jjl —Lili i y*£> 


125 350 

-— =- (3 = sin~‘(0.309) = 18.02° 

sin )3 sin 60° 

ajJj J C-l W*Y° =VY/.° j^Va j Vab^ -ujlj jl ja 4* J-IT Ij 


ajjIj j Li--I 5*°- W*Y° =VY/»° jjIjjVa j Vab Jti <>.j Ij jl ,>•> aS' Jj» 1^ Ij C-c- j— j-li* jSCi jj^l 

4—So4_> -Lie J. —i ob jLij *lb* C-$a- L Vab j Vb <_$lAjb j» .JLiL^y* ^ A*° — Y'*° — VY/» 0 = VA/* 0 L j»\j> ^ j— 
ijJsji *—■■!■ ■■* ‘-^*5’ 4j ^lilie JojIjj jl jjiSl .aaV a jjIjj Va/b j Vb ^l^Ll aj l-bjl £*j>- 

1 ~—"'^ J . ^a/b j v /il<-*"jir - Ojjb jl .Syii'j* <_£jS ejl-Ll ^LL* L jbj-w jl eili—I jj u*JJ jl j^l J 



v A _ 19.63 
sin 78.0° sin 72.0° 

Va,b _ 19.63 
sin 30° sin 72.0° 

lb c -4-^- J j AB (^14-ijlj >. 


i>a« = 10.32 m/s 

- tj**^"* y VB jl 45" jjklL^ 

:L o—I jjIjj _j eajj j 


ji j *b'j ir^y ^ 'j G ^r 1 3 


v g/b =GB(d ab === 


= Ua,b = ^( 10 - 23 )= 2 - 95 111/8 ^ ^ * 


jl—U jJ tSjb.jjb Va® *S Li—I jU* t5b' J v &0 «-bi jbjl *S j^ILUa 

j jl-L-ie t «-Li I*—j jj-'bie Ij aS" LLpj— jbj*J jl L oijS’ 1 -jL-a- (^JlA oLL^P L Ij Va |*Ll.C—j| e-Li ejb 

J b J* 9 "! tT’JJ (^1^ .ci^ ejl-Ll Aj Ij jl c«f>- 


A b jbjAJ ‘• 5 _ J - i , L y * e-bi 4 ^ jjlaiLfcA 


1>G = 19.24 m/s 





TAY 


o olSo 


./uf (Ji/y (jLj /&I 9 /J (jk)b M b Q) aOaA W — fO) )! a)Uuui al^/iwli 4Xwl) /bli 4t 

U/LJw <^>LUe- LI >/&>liuj>l Qjlyu* (Ssbrt /i? (J 4 /'* ^ 44 X 4, z (M x *t/ JU <tUm4 QM 1 /•> U^P <J* 


b 





o 

© 


6-V 4j^oJ aJLLmmo 

ojjj 0 -pL_i a£ XS^ jljji L; OjjS Jliil g- 

jbjLi ^jjL y* ^ • AO rn/s op j~> Ij j-Ij >-»jl» <> C«J-i 

.j^ ^ e=r>° jaij 

jl OP^ 01 tip ^^< 35 ^ 1 * jjl< j! (^1-daii op j- _/!:Jp- 

^1 ja *-i5Lp B j—* *S (*r^ c? 4 b jjlj j> £*'_> A*]a& .ijjl O—X Ij O 

.0-1 po* 

\>\Jb j jjL *£ ^jb yP> fjjj jl 'j V A = V B + Vm a^Ij j ^jX Ja> j* ^ry> <bi jl y* Aj Ij B £\ © 

i_ 9 Ij_l> A_) j jL_Jl ilJLUl jJ ^Ijb V4/B A* O-UlX. OAi^ oti- JUaJl j' J J*b B J A 

O jl £jl>- 

01 y^j* 0 pi p^ ^jb^j aIjjIj ^Ia JIp \a/b j v a y^bi* 
t^LAil-Xi-l j P ^>L£ (j--— j (9—-J b fP 4 v b J 5 " b <j' 

:<! j**- 4 pJJ Oi' •(►JJj'c# 4 b V A J V A/B fp 4 

u A =D fl cos0 = 0.25 cos30° = 0.217 m/s 

r , i U A 0.217 

[ ® =u/r] “■S"oS 5 ? 5 So r 

= 0.417 rad/s CCW v l^ 

: 0.25 m/s *— -j a J b ^ <dl ~ 4 ui 1 0^ t -»^ 1 *i 

j A I»li j aiJ-IjC ^ j»i (j^Uj gjA aS" Op^ j j j* ji i jL» aJjO a I*-— < 

.JL^ a^- y cJJIa^^ jl^ >- (^jj jj B 

JuAo ol5o 

.fj/jj /iu /) fyO 4 j (Jj&o yLui Jtu/j cr 4 ^ t $l«hii LI .),lp <W (ji/ © 

•yU 'j'ljLulmi Ij LZjVpfAa 9 <^L?Ud ‘CS/b/J dvlj (Ja <U fy/uii jl cJL? Oa* 0 











0 Ua9 t*V 



< Um i« JSLii 


^5-Swl jL-i jjji CM tijjL-i o-ii 

OP4? OA3 jlO .33 jl /^ jl jlj^3 OpIj J »Oi jSji 

OA t5'<-i^'j op r* ./* <j'j' ^ CB <jl^tj 



6-Y * <l t«t » JSO 



i5l4-ijlj C-t-j—* ^Ijb ^l^ljJI ^L5 j£_J O-’W 

sj_- sib jl_Jb 4 la>J ji >- ji V rad/s 

■ '. -- I V/j = Yi — •/Y’J m/S OPj_— (jljb B daii j Oilt^ 

Jl-Xjj’ .O.X? jj-j-AJ (Jjbj-J |*_5*>lp jl 8il«I-*>l lj \j A 

^j. ■-> c~pj—- 4_lajlj <_sU4JO>- 4 _j 4? c5jli^i 


ojljLjl Lj _j «3j J lj V A jljjLi to3_jO j*-—^ lj 3^^ 

.O j-£j 

v A = */oi + •/‘Vj m/s ^!>>- 



f>-*Y «JUO, JSLi 


°Ji.3 

1_L* A * L; - . op ^ t *jLi sib jlJLi JasJ ji 0-"\A 

4 ]gjj Vb Op. 0-1 C—* 1 j k_»^i» 4 j r m/s ^ 1 ^ VY 

(_^l ( Crle. j_la5 jl .JLO? IJ <L* 0) (jl4j_)l j OPj— J B 
.OX? _>lixi4JL« (jlfbl jS i_S^-_)? 



jj.:—...» c—i iO_?^ jl ^l—•j 00 * 0-*\^ 

JSL_i Jjlk. u A = \/Y m/s OP r <_jljb ^jj-La jJxJL- 

CObC sJL-ibjy* Q = (5 = "I*° 4_? —>- (_jl4ja?J j3 .Oil;^ 

.OX? j^*j lj BC ^^4j jl j Op j— 

ta BC = y/w rad/s CCW v'.>*- 


6-Y1 <lt— JSLi 




r<\) jit— 




4_j jj Va Op j—* (jljlj i-&J A 0-V0 
*S (j'v-i • J —' J*- jl J>-** ^Jo Ji Y m/s 

Vg j AB <-SoJ ft) j iC~«l 6 = T>° 

■■■' OPj—- O'VjU** jl . JjS ^»jju Ij tSoJ G h~*j <kL 

j! »jUi .-I L Ljli <..« J . ‘j > jl ojliol l* Sl^l 

■■‘r* <)>■ j^r 

ft) = U/oe rad/s CW j i) G =\/\eem/s ol^- 


jl C*j j>" ia-^^ oXijy>* 0* jj* 6—VY 

o>J_* ^j-^o ja j y —*i *oo £\ .jj ^ij* J j~& AB «Xj<jLi 
ij-iL x = IT* • mm/s oX op_^~< ^Ijb oS^>- j\ j_jS 

sXjxJLi j *Op ft)/VB j »Xj^>- (_£l*jjlj Op^—< (0„ 

x = a* * mm 0^*5jj lj A5 



6-Yr JSLi 


- jijb oa Li^_J /i o-vr 


.j»iS {j* j*j I j B oXjxJ i op_j~» 




jl_JLj A lajJ jJ lj BC •—>W~J (_5l<L. Jjlj OP_j—< ft—Vt 
l 5L/ „/j O ^_S(a) oJL?- jj .JOS' l j—-X t «jJl «jIj 

jjj ; l$. .»<j (b) o!L_>- jJ <SX j J i C xI 0-»C ( J-*aa* 

^—di iCJL?- jJ j_a jJ .JoLp^ (j—i*l ^la- (Jjj 

<UL»U jl.J-JtL^ ft) j^& pL. (jl<ijlj (jl jIj 

■ JjS Jali iSw: 4-J jl/4 







A-YA <11— JSLi 


Jjj-U-A j-iiL— o <oa I y>- C —VA 

oLU <k>J jj .aa0 Jy OB i^J jljji J>i«pL 
cS'^-dj'j £**.^ M .o-I OB j i>a = X m/s i*xi »ala 

•JOS^ <la*J ^1 ji lj OB 

(0 = A/o<\ rad/s CCW 



c#—^ c^Xj^I ,^1^ !j D <hX> op j~» 0-A * 

4 —^ -Lo£ ,j-—j c5jj-^ >1 ja oJ-i »ala jLU c~a 5_y» js 

c 5 ^ a^&pL^alj c^> jj Ij L • rad/s op j*» 

.xS s\i*j\AB 



j^ljb OB i_£—J i«J.—Ji »ala jl—iJ A_li>J jj 0-V*\ 


jl j hjj a £cs\-» ^ 


r */a rad/s a 


ji lj A (^LoaIj e$Ldp ^klo* op^— .oLi^ j_*p L# iil 

\jB J A j— -j i Ja—j C dati OP j** j t3 £ , j" m ' Y • ° y ■■■* 





A-Y* <ll— JSLA 


jj V • rev/min OjlJ op^— L. d-W 

uiM-P J-sda ja AB Jajlj <L* j eijS’ jlJji aOf#* 

OPj-- i0 = t0° iZ.-..<ij j4 j3 C j3 »JL-i J—ai. 

C-f’j-^> jt »ali:— -I L» lj AB <» —i 

AB i£jj j> I j D Oil* (^l<k »j :;I^O) .JxS (^-—i 

jljOP <-> C-»l fj-U* j-j JXX-j-* alOul j »3 jj C L jJal* 

(. J-jUJ i_>ls^li! £>- j* <kii 



A-YY <11— JSLi 


jL— ja «JoS <1—j 0-VA 

B = "l* ° O — Jj* ja i^iLi J j ^oS’ 4_L* ^1 .o oJji «ala 

j J—iL •/lm/s rl l ;; U ^L, 4 j jj op^I jla 
Opj— jlai* iXS lai>- ^yiil L I j a A aSjJlP 

jj—i di>J ja lj C 


0—A * <1*wj J5wm 







nr jjl- a-f u^ 


i_£J ieJLi «ab jLii ybl ja O-AV 

c5l-<—i_>lj c-*j—- t^jb jl_4j jl — *j' ji OA J jljS 

l5xJ 6 yiy .xil^ a ^s-L-alj c*>- j a to. = '• rad/s 

(_$!jla /4 4 la<l iijjS iJ -» oJ—i «ala jLU \JLyiy jl C5 

«-£_*£ 4 —i .JUiL^ y = A> mm j * = -V mm oLx« 

b &C j AB j^tajlj o e-y y>r 

o) AB = Y/ok rad/s j a) BC = o/Ark rad/s *_.!y 



D jbjL«l i_SoJ j s*- ■i *~'AOB t_SxJ d)ljji 45" juo^* 

c£ jl j—• jl*—* ^ t^y D jJae- £ l .iijfi'j* J C Jy 

£+..*r ja VO rad/s ^U-^lj c*,_- ^Ijla iC _-I OC 

.x x £ y-yj I j AOB c~e- j*» t JLilj a 

•XjUJ Js- ^X* Li yyj Jij* jl b 4ll~» 



6-Af il***fc» JCA 


<SJ - >*A J J* 0— 

4^ .C.w/1 eJji 6ita jLU l^j Ls<ai 

(Dob = •/* rad/s c-p^-m. Uj y jj>x OB tSy 

ja .J—b SytA jL 1^144jlj OPj—I jfcki 

.c-l tan0 = — 4lk>J /J 

r 

®G 4 = */lY^ k rad/s ^\y 

y 


6—AI <l*»»i« JSX, 

_>a i_SLjk? 4_» P JSL-1 ^l.laT ..« jjj xS "y 0—AY 
(i £l4_la?J ja .aa—• J L ^Lj OjX i_£J 

t^l4_j_jlj Ofrj—« (_$ljla (3 jj tXi—* ajvA ^ i-£iJ ja 4^ 

i^l-ujlj c-frj~* .xil^ i^^frL-aL c-f>- y a)p= Y rad/s 

.Xi£ Ij ja 



6-Ar <li— JSLi 




















^r~* '^- p _/•* OijS" *iLil Lius' <j lj Oiji l_-L<9 (_5jj (_$l<JoiL OPj— tJJ ji 

Jo—-jj Ij <di —j 4 j U’L>- •(*J‘ s j^-' ,j^*j '•^'j* *y*~ { —~ c 'j~“ ^*Uil <i l_w,L. y *la2j J y>- jljji jl 

)oy-,jA lf£- j-^j 4_j a£ U^l U .ijS Js- tC—I yLs Op j— (_$! jb *£ (J*yL j-o>±a ^ y <k£ 4 _jI>ljI 

ji 1 j' J ai y ^y y <Sjy* J_p- ' y^X> <y~>r *5 CJ/ J& y jl y^y oJ'-t/* 

OPj—»*> jj-l—i ^j—ilySy *—; OS y- L (jl y^u J ®-*->*p Opj—< jjA; JJ>** 4 jy* (jjl .Zjj&y 

•j*^jLw j <jy>u j oOaLL I j Uop j-- iCSy- OxJljs ji *£ Xtki^y jl£«l U *j <y>jj j^jI .Owil 4_i_j ^jl« 


j*y> J** 

^Uopj-i *£ pr^y y 3 y ®-VaJSLi ^1^; <ob jUL <> y zyj 

-Ui>J ji A «_Li; J—-L Oib J_p-j ji’l .XlJ <^jlj* j aiy yx^Lj> ^-Jr B j A JLb Ul£ y» 

*"-* 1 (*-"J Ui A jl *5" oil iS^y** y. £*b -V^ ‘Oil oib jl Jy~ iSjj^ (J^ 4 * *—*^ y )*• *jy 

U J-& Ijj- 4 <-&>Jj-> jljji J—llx. £jA <.}y>£. Ja>- Ji ^,1 ^>\£ c <ki f.jitS B ijy Ji lj JVJU-I 

jl ^-jU *iaL ^1 J$\ ,iij$ g\J jl L j J^-b J OP^-1 jjX J>\ £y C *iaZ .XS^y jliLil 

y Li J p-~~*r y ULi <^l<^ 4(>' £y Jy y a j~£ y ^y>y jly^ iJiiL 


j£—>y a_Ioaj j—a 4-i-P ^ j j *—(0 (^l<ijlj C-Pj-o iJLili j*j D/i -Li* i»Ui jl Op j—» jlJLi* _^l 

:li o-*l y\y o-Va JiLi S j,— ?- (^I<ijlj opj- ‘(je'ji^ vO-iAi ^L,! <i jl y ^il j 


.lIwiI v B - m (0 - (rg/ ka) v a ^l^i B Op j~> -J-il;^ ji> ijjj y op^ ioJI *S 

-Vi 1 —; 4^^— j-j' \yj -tyy jv—J- (^IJasJ OP Of>- JA £ jA *5 j\Sj 



(a) 


( 6 ) 

6-Y JSLi 


(c) 




m 


nv J ■/* 


l k_>- t 0 —Vc Lj o-vb —j tJC-iU (_ 5 jlJCjb ^Iap**^* OS’y a£ p- AkZ j3 ^UC-P^ ^1 

^JJ jl -33 Ji ( _J - 4 ,jASP*—^ j^J* ‘(J^“* <3^^* —« 4 — .jLi Aj j o3y IaO-P jjl 3yt£- tJsli 

jl C^ — >1 j£j«* 4.U J-i 4-^J^jJ Aj (_Jjljj (_^IaOP j~> jjOLL* A^ J £ 6-IaLwi jl y y ( _j£p-Ij Aj 0—Vb 

aj Jliiil iaii _j sjlj o—o jl lj ^^IjjJ C-p|< —> - a£ y^y ‘-ip - j3 j «-i*i j_jj 


jl—SL — ~*-i j Lks ji j~> C ^1 £ y O~o _j»* lj j_ p- C*» 

^a— j J,—J»- ^1 j$V oVSC- J oJ-i oO^U ^Lk* Jj»^ 


^1 >S> C«S>. 

. aS y&A 

^ -> J <>' /'r cr* 1 -^ 


^^j-k 4.5b jl—jj jl yi^y 0 —A ji 1 Ua C Aktfj 


4 j i 0i’ *->y j* •' 


-I 


.axlp^ ^Lki ijy~* J^A ^JJ y-^r 3jy-* Cjv—?- Ci’^ 

. C—y j _ /) kji» Uj^P jl 4_jLj iJ-ili^ jSk* (_^lAk>J j_jk Aj Ala*»j l_$j jl^iP Aj OP y> jjJb ^1 '£ y a£ ^Jb- jJ 
jJ .C~i^ <>_/$-; 4-1—i A^ kl— jI C-PJ—> jJ A>jl jjlkj (_jll-i jjX ^1 j£^ jljip Aj jly L yJ Aki jjl jl jjl-H^ 

■V J j cs-a- 3 ^ jl j Jp^j 4Jjb jJ jjX ^1 jS - ^ 4^1—s^l OS’^ 

.-i-i J^I^>U jy bfwl j3 J aiy l^»jJlSjo 



d)-A JSji 



Cb — ^ Aj^xJ aImmjD 




4__j ®^ta ®jdji l»wl ^ 0— V ijj^j «djLw^» 

= 3 m/s ^jS\ ySj» J-j~* .o—-I Vo ='? m/s jl 0£jA C-C- j C-J j ^ijp 

OLLJ O...K.i y> Jl 4 A -dai C-e-j^ j-ijS" IjLo ji j eJ^S" Ij OPj—< j jAj 

pi! .-L^” eilii-l jl jl teib 

j Oj*^—; Jj ■«< j L -daa< iJL*l> -dJtiljL) l _)*j*^ I 

C-r7 OP -r- C ^ tC-Pj- jj^ J>\ £j* -^*wj j oijj 


[to = i>/r] w = = = —-— = 10 rad/s 

OC 0.300 

:l> C -- <1 ^jI^j C ll /4 -daai <dL-»li 

7c = V(0.300) 2 + (0.200) 2 - 2(0.300X0.200)cosl20° =0.436 m 

lij-l^y A «daaJ C*£-j~. 

[u = r/u] v a = AC(i) = 0.436(10)=4.36 m/s 

.C—-I AC j) iyk£- j£*i t^da* Of>- 


•iZAJItll (J&A Cy'Pfb If" 0 (jupuuf'd'JJMtb <&yjd Q 

./Jjl»j jftu/, y (jAiwut! ly £y£ (Jjy J}Uj |->U/ (jlfj&yMI M/I^Sj JjU ’SllujJi (jj\ g ojjj j! Q 







aJLLumo 



[a)=v/r] 


j .<* i A <daxj i 
. Xz£ {jzf'j o-Li eib OLiJ <la>J I j AB jlj 


>- ^ • rad/s op^- 

j D <dai 


jL-ijjX. <^U j., — * j> J£-i B j A ,jIff- C-f>- : J>- 

t B jA (_$Uc-pj— jj ^UIX Js^* .-liL^ 0 j 0 'CjU /I j» J_p- 

.ib jL-X ~DC j~BC i ~AC 4_Uli .JLfT^ \jABS^C J\ £j. 

BC C~£-j~» .X j~ : ‘ L f* kS jS (j-'di* U U j <~^bt* jb j^j ji e-Li 

j—»l^ «X-i ^ ji (*—*r *jr~£ j' o' y£- *£ 4 

.•jvijb j jij; AB _j DC 4 AC Xjk>- 
_v B _ OB ( 0 OB _ 150V2(l0) 

BC BC~ BC 35<hf2 

= 4.29 rad/s CCW ^1*- 


O 


:b D j A (_$l£u>^ 

[u = r<o] Ua = (0.350) (4.29) = 1.500 m/s v l^ 

v D = (0.381) (4.29) = 1.632 m/s 

.C—I eJLi eib ObtJ ^UO-j^- ji *& 


J uAo 4 JSJ) 

./jffjt (jl/9) C ihil (Jf* ^yuujj Qjifie- <0 j«u»a o/uuf'y AB >-Jsj if' )^aj ^utcJ /Aj o/i e>/> (ylwj iha) ,) 










OiLi iSjj yj*^ OjAj k —“*bi ® — ^A 

O-lj <~»_^> Aj */A m/s 0<iJai J Jdp^ ^1 

i4 J»1_L (^Lac-c-j-v iOp^— OjAj (_^ y“jj ** -a*ib ( j* 



B 

i-lA <luu J5ui 


0{ ?- ji l j i —it* 1 -SLj jl—>• Jp; *JlZ 0—^ 

.aoS^ jljji U* * rev/min op^- U i^SupLob 

Op j ..- » iJ— iL • /Vo mm ^U--— <0 (_$Io^jIj /I 

.Xi? '—'I—>■ Ij l>0 

Do = */UU m/s ^ 1 ^ 



<li»a JSiw 


jj o rad/s ,_slo_jlj ^tjb i4fi <Ul» o-V\ 

Ij 4 -L* i_$l$-—I _jj Op^_— -J—a^ pL- Cj> - 

Ct j 3 (k-») j C\ j3 (<-AJI) Opj— 0_J-L jS - ^* *5 <y*y 

,\z£ ^j~ju tJ_JjL 



B 


6-1P J&<£> 

j\j-^S tajo— t_»ol ji 0-W j*\ 0—^V 

Op j-~» (jljb OB <_£_J 10Oi 03b jlO <ii>J ji . 0-1 oJ-i 
jl . t , \^ JLj- j3 ^ «3_^j <u = */a rad/s 3^5o-l— 

‘Op/-< 0^a_. j-S - ^ .a—^1 o-aj^ 

^ j—L— Y*° jL—i> ji lj/4 tioip ^JsLii* opj—— 

. JOT { j^u \j B j A Ja— _j j 3 C <dajlj OP j— 
Ui = YU mm/s _> t> c = Wi/v mm/s ^1^ 



G-IY <JG— JSLi 
















iSJJ ijJ -• r 

jl—JLl _i) . 

i rad/s ^\<ij\j 

\ oJ I‘t—SCJU- j 3 
jljjj j3 3£1* L~oL C~( 

.JL^ ^ I 

(0 r = a rad/s CCW 


JUk 


ft) <_$U_ >_j\j C~e-j _- 9 = 


^ j3 B 4_* ^ 

^ J> <■* c#-" 1 

j*jLi j j3 AE j B. 

i OB = \ " mm :j! XS 

L,. Je = ed = ~df 


( 0 = VU rad/s CW 





i_JU> fLo-l i_SLj t ...i _ (J-aS f*P 


O op,- 4S Jjy Jc& ► 0-\ \A 

*—»jb (jjj j-j iJ—*/^ m/s j-jIjj *— ** •" ; $ 

*-*£> j tSj-5j* ‘ Obj OUa jj ^ ^jb^ 

j. j&pLoL c*f>- ji U* rev/min ^l-ojlj 

ij U£d* ji fi-tf j* o) ^IajjI j o*^- jijjj 

.JL^ 

co= ^./vrrad/s CW ^-.1^ 



A-IIA <U— JSLi, 


Oj__ Ij Ij OA (JjjIj O <j J-ai* jy** ^ W 

*_, 0 c-jLJ jLSUl j ^SupI _- c^>- j j <\ • rev/min 

‘C-Pjj-b jpj* j' 4i bl^.l L .ijjl^ Ji jljji 
«jb jl—ij •«*—b£j=t (jbKilJCi) B J>\ jji j-* 

sJLjj^s^ (<—«Jl) :J_jjjI C-J-b _>j j o'ilb- ji Ij (Jjlo-Lli 

L> O <JD (jl^iJb- tJji£y>- (i_j) j J-ilj c-jIj D (jl<iL>- 
.JjL»j uljji j^^ ipl—iL o.^>- ji a* rev/min c— p^-j* 
(ujill) k>b = TV rev/min l_jI j^r 

(.->) (o B = V • rev/min 



6-IIY<L« JSLi, 






UjLLmJ Cb~9" 


(jl A—>Jua C-S y>- J* B jA <da£ Ji <^1^ Va = Vfl + VA/n 


*» aJsjIj jl L <jl S *(_ 


U >jj\ V 


I Lf~ JU - 4 


j <Sj$ jr^* ^ J -^L S 


7 {fry ^ 


(o-v) 


^Jsl) Jj j> jl y4 o_j^j«j B ibajLi i_jlm ^ ^^*3«fc« L Ow»l ^jl/4 aLa > ajf .xjf^y* oLj o—V aJojIj 

• 3 > 5 £>'j j'ji 

isi**** i-jUidui 

jj j oij—i CoU Lg_iT ( j *j r aJL^Ij (X jji jOl j i I. *? ^■■ - ■•^- »_& _/< j>- <>Ju^ js B j A Jsli! ^1 

j* ~~A *J Ij A j>- t B ji ^ilj ^j»w» _^1»U i|*j»bi 0— £ (j~>« ji (_yr~ ■* Jajljj J* -Oj^jlfcA t4j>wj 

-(J JA Ji (.^Ijli I 'll-! 4^ 3J~i^y4 Ovi (^Ujjli (_J^—> <Z*£ j>- jl .JijJ^y* fi <da«J (Jj3“ 

. V/t/B jl-L-i* jl (_y«ilj /4fl Jt Sy*& ^y-’L-a <—-'ll*! J Va/B jx*j j! ® *-; -A Og>- jJ 

^jali^jbj .JL.iL oJLi b-il ^L«IS^ ^yi™jL OjiS^I j -L. L i jLj Y— 0 ^L«3 «JjloJ>l 0 — Y a-lajlj ji i— jb-i ^IaaaJ^o ^jjl 


ft /l =a B + ( a A/fl)« + ( a A/fl), 


(0-A) 


lj\ JJjjLp v_->llJj ^Lfc4ji)^)| <S* 


T 

(^A/b),! =V A/Bl r ~ r(t)Z 
(Pa/ B \ = ^A!B ~ r<X 


:jl -UJjLp ^4 L 


K/«l=®xW 

( a A/ B ) t =«>«r 

v ." .:■ - J 


(o-^a) 




^ “ L - Li Lf• r B 1 r~>- c^Mj v 1 ^ « j isM.j op^ o .j^i^ ^i jj 

.OJjIj jIL> (^I-Ujlj L^liJ. J Jlh* o e.j~. K, v lLi jLp^^ a^- k£> jA 

»—iLrfi 4 J 4 U 0 j+M+iu 

j* u-^> (V—=r j' B jAJsUu jl y 4_5" c—-I «xi «.sb jliJ 6-<l JSLi 0-<\ 0-A iJjj 

,Uop ^ ~ L ^ a fl j a A j_Ua* ^U^t-S L, ^1^ Ja>JI ^ ^ 

A<AaL ^ 0LiJ ^ cr^ eS^e— y B J A S>\Ju y Ly* a fl a A 

li'j-! -J-*- 5 ol—U OjL* Oj^ -u Ij 4Ja£ 45" . fl O o~J A B -dai :c—I ■ - - y j,Li 

• k—-I XAa *j\y Ji j| <Ji y ^4>w» Op i y 1x JU 


/ / /e> fl 

y 




5 v Ij jlji jj. ^Uj^v. 01 Jj ^ ^ V-Jjl 4 , Ij v lUi *±\j JL> Jij, s 

'■^Lf 4 *^y Cr^r Vsv 0*' *i -(*^<y j'^jj 

a s = a A + Zb/a 

^ ‘ oi 1 y*. (*4* ^y 0* t j n ^UaaJ^. j z m <_slp* y\y j| t j n ^U-uJ y j a b/a 01 j* *S 

.j^UJ 0^0^- vpU^I (jlo. j> lj o-<\ JSLi JAza jbi 


^* 4 *J »—>bJj 4 J 0 U 0 J> 

J jJISL-I esl^-ijj 4 1 <ri UJ ^ijj oil; o-A <JjU 4 ^Jl yy op^ <klj 

t^jb^ jl <-bl JU- .o-l v _p j -OL. ^ o/L ^Lil j ^ ^jla 

IjoI .xiL 4101^ ^jl^jL. ^\i y *]^\j L Ujb^ <, lo^l ^j t jlIL ^jb y *±*\j <->y<A *S cJi l 

4-S" <_^,l -AO-iL <Jj\}j-> yLfi x>- eO^S" ijj-w. 4 6y>*A ,^Ujl^ j XjJ, ( v*p L ^_^Lw. jli^ OjL 

cJLji lj vloi 4ioAj J-IS- ^ ^.1 r U0l L .&! «.^ ^ j l^T ^jla cp ji Ij Ujbj* 


C>-9" 


C —Ji *—! IaJj^->cA 4—S’ ^—<l£xA p—jl; 4Xll,i jl 4 j J ^L-lXi Ij La J_^J>n _J Ia^jJX» xL J^- jl JJi 

jl a > ; .j > • Lj jlxJu Xl^^ Uc-^ ^1 .Xi JAl_p- ^-4 a*j _ja ji ^jb4bU^ Ja- iXL^ JJiJ ^JISL-I 

i,r~* |_^ 4-XiL j>- ji ^Ia^—-* jj 4JaX _ji 4^ ^oJLaLL* ,xjl> <_5jb j> 4bU^ (^La^JUjt- 

•Xj I 4_jI—a*j XL 4^ C~jb XaI y>- i ja- j 0—A 4lajlj ji jib j\Ji j) ^JlSwl c~~S 

lj IaOP j— " 44-jlii 4*—<l>»4 jl *S 0 ~x »l ^jV Slj*MA iXjli La O—Aj— ' 4j I jlxl ( _£lA4ji5j* (1) 

jl_}~; Ij X—iL ( j^a>« ~ —4 ^jJLjlxi L 4^ *—>l>Cjl ^—> - jl (_gUUili iwJLaI wjIx£ 4iulj ji 4Ud] l.'.C t jl...■» - 

tjUz^l j* *1 oaj jl_jlP 4 j C~t- j~* jjX ^1 j^j* jl ^S - ijX C-ii XL .ijjl X~»X ( _ # L»-lj <j lj <hij jl < >lx^ 

■XiL ^13 L ( _ r <aA«JL » ^yblxi 

Lrt J l»x! ji 1*1 »ijb i^ a-j Oxi^£> j j L# 1S’ CJ>^a- ji <—J-a a- ,j\j> 4_jllj jjX jS* ja 

.C—<1 Lf ^a>J ^jX* jl jl oilix-l 




& — dSj-u+JO 



^ a A/o\ ~ r O a 


j Blj-I jiip jJ t_—>- O*— Aj ^j^J T £-U-i Aj 

^ 0 ». ..« A_j a 0 i-jli-i J Vo OPJ—- (_$ljli O j-£j* ij —laj Pjj* AiasJ 
,X±S Joj 2jy i]asS j2 I j £_^>- iSJJ y. C J Ale>\Jij t—jllJi .XiL^ 

J (^Ajjlj <L-S-J~* 0 — i Ajj^j Al t — a JJL>J jl *A-3 

.'L *£ Jj_Li ^^ jp^ 

a)=v 0 /r , a = a 0 /r 

\2yi l y AlJi O A la ti »JLi ojlj <■ ....■>- /\ 4_£L4j ■ j lT.t. 

fl A =a O +a A/0 =a O + ( a A/0 ) n + ( a A/o)i 

jj—jl (_^l jj j iOjU ^I'daAj C^ij^e- aj 0 ypji U i_fy^ <—'ls«i (_ 51 aaX*^- 

\2_y JL*\y- J)"S Uu OS’ y- 


0 

( \ 2 f ^ 



\ a AIO )n - “ r °| 


\ (a cioK = r< “ 2 

( fl A/0 )/ = r o a ~ 


1 x / 

{ r ) 


C (acio>, sra 

.O—-I ojta jULi cS^Vf^ j 

o 


^°C l oh ^ ^ jJ . J—I j 8 a >i tlJljl Aj Iful O jy& Aj IajIj ji £*j- 

2 ^ - r0) 2 —“y *—i <Jy*r ^>jy* *i h Vs *j (v'i’cf 4 - 

CjLmjjA ^y^py £ jApy jl 8 a (j\y cSorT OjLp .pijj\ 0—0 

^ “o = r « , 

^jb ojUoI t jn ^UjIjoI jl ^1 . Jj 1^ o—J j <jl ^U-uJ j* 

+ W_ 

= cos0 + {a AIO ) n f + [a Q sind + {a AIO \ f 
= ^(racos8 + r 0 a) 2 ) 2 + (ra sin 9 + r 0 a) 2 ^l^>- 

■p-'jJ 1 v—jJ Ij 8 a Cfr 

oij j' y l 5 l<IaL t C Cp^ OjJj J>\ ^-jIsJ. 

ac = ao + a c/o 

)* (dcAj)i = roc j O <Jjp aj C Of?- j 2 ( aoo)n — ra) 2 L jJ^jI^j Lfr ~j v-jlsJr ^UAiJ y jl j 2 a£ 

Kik V - y J’ 3 l-*OjLc- j^l .oiL^ 2 j^pL-iL Of?- jj 0 J_p- CO Ja?s ^l^jjlj v_jLJi aSoj' JJp ^ 

IaS’ oJLftlO j Jjlo-Li 


a c = ra)‘ 








O «-! (Oa/o), I 4 *> 9 * <^* 4 $ <&» -^u* (JH*> b ( a Mo)t cVuii <^*Vi < 0 A M }) (X t^jbi )Jj£-Li)b <JU*a 

■)/ij*j /a* Oa li**" “i fl 0 tV? ^' u *'*/ C^ULW 4/ Oo b £/* yff if'up 

.JJjLujI fbdl l y Hjuj (J)j .juibfj* gyi <->/£ <0 (jlufA y i)%j CL <0 iuu/lfl lZs£-fJU (J?JJ fjl ‘/fi c^jllul if'tuf'^ji <t£zl!U 


4i^oJ aJU L m*4> 

ji CB i_£_J .C... ...I «JLJti _>! j—fZ l>xl j* 0—A *j 4.lt—« f./*! 

C-jIj C~f* j~* (_$ljta iCiy- jl alJ^yUj 4JUoli ji a-Li aita jLU 

^75 mm^ m lj QA j AB <_$!_a^SoJ ^tajlj *_jlxi .xiL^ iL c~^>- ji V rad/s 

50 mm fl .J-Ui J>- ^rT tT’JJ J 1 L> ^ L - 4 ^-i* 5 -* 4 oi 1 J a 


o-A <JjX < 1*— » _p 4_S' Ij jjUcp j~> hit : J>- 

:jl XJjLp 4 ^ j*j j jjl C— *x> 

3 6 

Uoa = -j rad/s * U AB =-J rad/s 

:L c~*l ^1^ 4Jajlj ,vi—*1 eXi 43c*w> (+k c~^>-) i_^pL-jb c~f>- 0^ j* ^ 

a A =a B + ( a A/ B ) n + ( a A/fl)< 

0-^a j 0-V Jaal JJ jl *S 

a A = a oa x r A + g> 0 a x (<0<m x r A ) 

= (Xoa k X lOOj + (-3/7 k) x (-3/7 k x lOOj) 

= -100 Ooa i - 100(3/7) 2 j mm/s 2 
a fl =«c«xrj+ <9cflX(® Cfl xr B ) 

= 0 + 2kx(2kx [-75i]) 

= 300 i mm/s 2 
(&A/b)ii = g>ab x ((&AB X <*A«) 

= -| k x [(-y k) x (-175 i + 50 j)] 

=^j (1751-50 j) mm/s 2 

(a a/b)i = a ab x r A/B 

= a AB kx(-175i + 50j) 

= -50a AB i - 175a AB j mm/s 2 

jly Ij j j J j'y 'r' 1 ^ 'j <>.' 

—100Qo A = 429 — 50cCab 
-18.37 =-36.7- 175a AB 





cc A B = - 0.1050 rad/s 2 , Ooa = - 4.34 rad/s 2 <_;!y 

OA J AB i-jb-i AS” £\j» oAaLL* z C-l> Of> jJ J JLpIS” A>Jufi y Syt- k A$b j\iy j 

. X x~a {'JcS) i£zs\~, o yr j* j* 

aJojI j <.Sy- v_... all4 ^X* C.. — i L Ij i—>ll-i (_£lAjb y jl jA J^Jp W Lf* Aj 

.iij yJ^JJ *k~A J*- fy+i* L" JXS Lsr X 


•)?il Jtia ($/!)/{ <-r>fj> /) (AlU/IiA i^aJ y <tf'/xAlb mill) )U 4j O 

.(yj*lb <ti f /Aib a/Ai mily A <J>/b <0 B )\ (Jyl/y ^A/B M.9* Qy^ka . &a/B zu^Le- ,/ 0 


Xiy>j 4JLmwO 

oJ_J j\y£j I—>wl ji 0—\ *jyj a!x~a a JjjjJ _ i_£lj ^yjl^A 

mm £+>■ j> > o • * rev/minc-U ^l-ojlj ^1 jb OB JxJ .c—I 

^ —J <c~-t 3* ° Jjl^j 0i-£J AjjI j *£ ji .XAb^yt i 

■XiS yyj I j AB jjjLi ^IajjI j i_»»lli J j4 dyX .jj 


jb ® <—>b-i 1- . >- jJ Jbljj^ /4 t_>bji 

a A =a fl +(»*/*)„ +(a A /fl), 

ji jl j—*-*- >-jb—i A_i)_j* mS ijjj-b *j ^Jo C-jli C-c -y L Ij \ To mm £-U-i <j ^lo^jb B <da JL 

:L c-l jA,.0 <—» Jb Aj B C—f>- 0 

[a„ = raj 2 ] a B = 0.125^^^ j = 3080 m/s 2 

t oJ—Jl yffji OjU *S B Aj C-—j ,Jjj A JXA-j^ Jol ji b Ij ^J-Xi ejlui ^La^Uj^ iJ5Lt J;Ux* 

• °*AB rad/s :b O—I y\y l ^aj\ jAA ji AB ^IajjI j C-C -y <;j^j *JLL~* jl .^jjSy ji 

k = rfu 2 ] (fl A/B )„ = 0.350(29.5) 2 = 305 m/s 2 0 

cS' 4 — Jj'j <; jl jlxi* l^jj c~-l fjl jo iaii (a^), ^tw* <iiy B <-iJe < 1 A jl Jbyr 

jXly ^j-isl jj— ilj_X*l ji AXSy- A —1 j j ~ ..., o Ijj j C— 1 ! a A C-f>- .ajb l £x~j AB J yyy 

Ij a 1 ‘ —. Olj-j^/* • ( a A/B)i c5j^i- 5 J a A jl-bu ..bU^ AJibc* ^ ji J j* Jaii j j £I .JLib^ 

>■ 





f \r b-? 


^■ a MBh 





ip i_A>tlj1 v_jLi ( _y*Jui> X>- jl L Ij J->- «b 
\A/* Y° jjI tl$~-j_jil5 jl b J*' -J jnrf *ijb 

u_^h. Ji *_bL* ja U<L*^- <_£a_j jib jly <_sjl—« L 

jla ti y*^ o-*-*bLo Ji>- jl *& j _^laiL»-A 

a a = 3080 cos60° + 305 cosl8.02° - (cim), sinl8.02° 

0 = 3080 sin 60° - 305 sinl8.02° - (am), cosl8.02° 

O—i-Ij y_j jjiLl* Jji oVaL* ( Jp- Li 

(am), = 2710 m/s 2 j a A = 994 m/s 2 ^1 y 

AB v'—^ ‘■kb/* ji> <y* j» j' ^ ( a A*)i ^f=r b 

y3^jA jLL) \j B 4j C....... J jljji jl 

2710 


[a = a, /r\ <X AB = = 7740 rad/s 2 


W *> 


r-UU jl L j J a fi fJ^ 4 ^ ^ v-jU^I 1^ 


*r-> >■ *b /* 


Jk— ( 4_Jil*4 Jp- ois^ 3* b ( a Ac)i u-r - -r^Lf* £*■*!■ ^ b b 

^Li* L| .JUjI^ C——L 10-Li yO>^Lj, a* <_£;li^O^ p- jl 4^ ^1 Jap- L Jap (ji^l £kU; jl P <daij 
.JLj^la cJLlk* o_Li <u^L>w* jjili* L *£ XjI ^ C— A; ^jjiliu ><».....ijl ^—-L« 

a A = 994 m/s 2 j W, = 2710 m/s 2 vb^ 


JuJLo ol£J 

•toJu* irjb* isbb A* a fl 'i^c/ 4 (S^jb isbb OB ^ A ® 

•yy/f iytilwl Dm ^juuj C-tf-you y - / iV(jla 4, <Sj! bfii <J .y^J oytilwl (Om)n 4uuiltA (fl/J a,, — V /r <hij / }! O ^(j* Jo (j^9y *i © 

;l (^>9s (J-*bH 9 +Ak(j° ,»./-" 0*9/ f H/ ‘Mr*k 4lwi/j MjA (j*# u A 0*9/ A ^UmuI ,y .yjy }Lj ybj cuSy Jy/I?* lsImu/1 4, © 

.y/'fra* o oi?(j* <mW (5^ *fy)/ /> ^ j&A /* *>. b ( “9^ (S^/bn <*V^ • **>(/> ^/bri on <JiA? Mb/ 



t - J Lo (oLwJ>l >-SLjLo-L j ^i - ^ ^ 













L—a-L ^> |oLmwJ> 1 i-i Cy L oJLwwO — f\9 


ji A 

<jrjj± jjSL. cJL» jl »yy O £y iij-ijlj ajy Ji^ 
L_> T/i m C-jL~* J» jl j j tiyj Vli Q.» •* Aj iJLSj>- aj 

L; (JiLS^ .ijjl^^—a i——-«'-b Ij VY m/s C^C-J~* <C-il—i i—jLi 
u'j-d jj J -l 'T*? j e - L - 1 4j -r^ V-V L#*^ cT-*^ 

>C -I ai_>—j Ij Y/i m CJI—* a J»ji & { Jyiy ji .Jsic-y 

.JljS i_jI—>• \j tjiji B Akii j A Akii —>Li 
250 n 



.J-i jlj_S5 L;wl ji o-AA aJL ;—~*AB aJL« 0-MT 
jlj-i J r m/s C—Ij a— i A 4_k* J\ .c-l 

LjL5 ioA— i «ili jl—L C..- 0 aJl«j>- jl jl*j jl ^.u 
J—Jj^aJa j j| O-S’^——a il.U*l ji B Akii ( _ f ->l— v-jLi 

.JUjjl C_ •'Jj Ij aJLa (jjlAjjlj —'Li 

(fl fl ) ( * -rm m/s 2 —Ij*- 

a = n/Y rad/s 2 CW 



* JSA 


Ij A o-jllJi j y4B l£J l—» ll«i 0—\ Y^ 

C jJJ* jl ji ^ .JUiUJ 0 = ^ • ° C - aX i ^4 ji 

iL«j jl .3lt—I L, Ij ij^ y ..uil 0 « r rad/s 2 j 0 = ° 

.OjAi ^Ujl ^jb y 

a yis = -ik rad/s 2 j a A = >Ai m/s 2 ^lj*- 



6jJJ Jjl-AJO 

^Ij-i lj/4 JaL v_jLi jAB ^lAijIj V Li 0 -\r* 

4-j SJL-glS' 0 = ^ • ° C-a. 5j4 ji 0— ^ Y^ aJLL-w* ^-Uj^ y*l 

J->-.J—il 0 = 0 j 0 = i rad/s c~*i^ jl ^ aS J*^ 

.-L^O ^U>ol (^jli jJ jl ©iUl—<1 L Ij ij>- 

L_>*lI ji 0 —Al t —>4 j j*j>* <£• 

—— 4j O j^y 4 ^1-^ ^jjl L a-Li 

jjJLj j?l alia — «>l ^/1 m/s J— jljj tJiC—i Jjjlixa 

Ca—>«»xL I j Z) j /4 i^Uaj w-»lS— . i < JiUj ^jj ^jijil 

a A = -A/ii - "Uj m/s 2 —Ij^- 

a D = -~VY/vi + H/llj m/s 2 



a-iri -il— jsLi, 






fW J 5 L- 



jl—Jb bxl bXH* 0—4 _Ll~ 4 ^j*l 0—MTV 

jXJL* tC~J 6 = (3 = V ° *5* ^l<la>J <_$!^ .Cwl oXi oib 

ol^-w4 L <S” >\a$^ja Ij = VT m/s cs*jn* A. aj 

Jj a la >J ji ,xLj^« jljil aJU ji */^ m/s 

••\~S j«wju Ij flC e&J jlj 

a BC = Y/«a rad/s 2 CCW ^1 yr 


6-irY<li—JSLi 



L~jl_J* ^jLj j 'i/L# ui j-b *—> o^P 0—\Y*1 

P £\ .j j—i^ OB (XJ jl—- j OpL> j &>«-* 

p/4 op,— ,o—l j*— jIS OB j Ji\AB *S c-*5_p 
O.»■>; l1«i O j<« jl jJ Ij OB v—jllji iJUSLi j—j Jl>- 



a-irf-uo-jsLi 

ojIj jl— -W- ^gUc.—S_p ^ OA i_£j O-STO 

j>- OpL-> AB ]a — *lj i-ScJ yijb jl J tiyj jL»ijJ »J-i 
C-~yJy> jl 0/4 t/* iS^*i ,jL) 

^j— j * J >-! (»jLJ BC j ^,-ftil /4B 4 JjI—J^ jj—^ ^1 
(^l<jjlj <_/t— .C—I jiu» (jiltjl^Jjlj >—/l— J £U jl (^I^Jjlj 

.JjjjI c—-b c - ? »- gj jj/l jj Ij BC 



IT6 41mm» J^mi 


aS' JUo^ 5 AJ Ij jS^ ,J4 JjX* jXJL* o-\r\ 
eXi» d^b (jUb <iaj>j OA OljJ-A X*pL .ij>- 

t m/s j—^y. B Vg cp j** iC-w/I ^1 AB j ^13 OA *S 
O -^ oy ji .c~^l Jl>- ji T• m/s 2 jlj~« L j 


iX Ij Oi 4 (^IajjIj >ti*i 







f M J5l— cr^i 


l 5 L, .jL- J* (il^l O-SU 

L j O <jJa5 jj jj OjIj ji L; .c—I «-Li oab jLU 
j-jIj; C J J^S JjI-S - V OjLj C-P ( j—3jS" jlii ji 

4_S' ^ **j a Ij n._^lj ‘" ~_hi _ijlj ._t*/o rn/s 

. - L' .S j-Li 4jLh_j Jb- ji j 0 = io° 



&-lff <01—JSLi 


jljJS b-l_^ U^ol jj O-UY -JLi_. 0-U0 

jJjlln £ ji £lki Aj J...a ' .4 £ jj i_jlkj>Jl j\j> jl ji *£ *Xi 

BD 4_£ jj ..Lil^ l m/s c-jIS c^j~» ^Ijb JSw 
■ \*& {j+~*j Ij BD i—it— cJLili^y* OA j> Sj*S- 

(Xbd = n/<\ rad/s 2 CW ^il yr 


4 m/s 



6— If6 4J LUh ho 


.J^S l)Uj ^ jli^ Ujj*^ Aj Ij ^j>- ^cj Uj .-UlS” ^- y u 



6-1ff <JLL~* JSL* 

•ab jUb J£_j, Jj ^ ^ .jl ^ jl_^l 0 -\ ir 

^ ml ^LoJjfclj iljjul jj <S i_jLs l5L> {jy jj j» ojl 4 jLJ .JLjlaJLJ1 
C-P^ Lj Ij jLJ>£j>- ijjj'j* j£l .1^—1 »-Li jlj- 

. j jjl jj jl jjj 4_. i ^&pL-jI c-fjr jj 1* rev/min c-Li 

^l*_j jl j ^_ib_1 j J y.^ 0 = ^ • 0 hi-, o j j Ij i_jIiJSi 

. JUjLi Ij AB i_ScJ ^blll4 

«a = i/A<\ m/s 2 j<x A b= */nv rad/s 2 CCW h_Jj^ 



A-llT <01—JSLA 












ft- IQ’ 


O-Ulj C—S' y f jblSL. ► o-l0* 

Ij i j—>~ j>- o.-»l DAB i_SxJ jl i F j 

D <ului£l o?^ JJ— .xS^ JbM OS uScJ jl 

a-L-Jl aib jt_iJ * _la»J ji Otil> .X—<1 a-Li aib jLU 

■ t y jj | Y • rev/min lxU ^Ijji opj- ^Ijb OS 
C—-aSj* _p — 1 (Jjl la* Jj J. A CA J OS J aijj s£cs\~» 

.jxS Ij D i jlxi iJGjl^5 ^ajl 

do = I WV mm/s 2 ^>1 yr 






^ CwyyuJ £*Sy> b—V 

t_J.yg ^Ias^L^ oS^ ji J C-S"^>- Jajl jj jl oiU. t...j 1 ji j Y—A i j!l .>«j ji ol_>i 'X&j>- j* 

j' ^jL—> .a;J— i ^«jlJ_;l _,/>.> j~J- £>- ja ^\ajj>%a jl Lf ~J> ^Ut-jb-i j ^Uc-c- j~> ^UJ i^J>U- J-jai ji 

jljji JU- ji i j- ? “ *-£ f 'j—^ij* ®AaI——«_- jl L xl iyry. L y^- — t* J' 5 •xS y>- Wl j* *£ JjL~* 

JL-rf oji i_^j t.^Sj^- jl *jj*-> <-£» ••^j~‘{ m f* jjjl~ j l Oljji <Jb- j* Cx"-^* l -^^ A •iJ >%A ail, a t .. *1 L iO-0 

l _ 5 -=>0 J? j* cS'-* 4 ji ^i ^ r-~’ # ji j?~* 0^ ^ '^*—1 jtj$ *■—“ < ~* J - <_r i> *~* 1 j' 5 



(Jjllw x-y C-;U <>x}l^> ji B j A oji ji ^oJup cSj>- Alka-“>U L lj jlji ,_jIa jj>*» jl eilii-il L c*£j>- 

.j— c£j>- jl Jii—• B j A^xS^ o^j* *i Oita c~Ay>s- ^ji Ijil j} .^xS^a jlpl o-l *a JSLi 

0 ) =6 (_£Ia_j jl j C-C-j —•* I—j j eijj B ji jl IX> A^ i jji^ a-lali-a X-y iSj>% 1 a oI^LjO jl A \X£ j>- jjiSl 

y>- 4s>Jua ji i y^t- jli_jj til)I ji *$ C«Jijjft>= 0) k = 6 k jli_^J Cjjj^Oli jljj^/* lj L$WjO C-C-j-i ,jjl -XS^jA jljji 
vl—»*S ja jlij-j .(a-^vAms jl gj\—>■ Aj) XiL^ Z JJ** 1 0~« O-f?- ji C~-lj C—li oApli JjU xa jl C-f>- j cijj 

.Jbl^« JL; jj j aJoiIj la■ ttjj A (jlla* 

r A = r B + r = r B + (^i + j'j) (0-^*) 

C~*i^ jIj^ ^ aj r = x i + y j j »i* ^ aj *S a 50 ^Ujb^ j j i jl ji *S 

.O-jiI eJLi ^jj j^jLf B Aj C.. ^_ j A 


A&J" ^loj £ L/L a 

(JllLi jUj Aj C-- ^_ 1 JA jli^J aJbjIj jl ^1 yA jjb Aj C » .«»l ^j*il J i>j«J ^IftAlajIj jij_)l C««jJj (_$I^J 

jljji ji j j i a^j (_^IajIj jt 1>»)jI ji iJLi ^\^ aA Y—A ji aS - ^jJlijl (_$Ia jj>a* i j_j<* ji -i^i k&£ 

*£ $j *J oJlaLL* 0-A »b ji Oljj^/* lj ^1 .XjI i_jl—a- aj xL j Jjjb jpX~A jl«j aj C ->- J (jjl^b; j **j> 

iC -I #i j_oj jljji dd =a)dt sjlJLlI aj ja ^\jajjsau> a£j«1&a i dt jU j OwU ji I j a50 jb^ ^j^ 

jlj Ha ji dd I >j-jiLjaU- L C—-I ^jI j) ^>j\S1a j eiji j ilAlil ji a£ d\ jl C—-I OjLfi- i ^jL-Jljiji .AAi^y* jLU 

.c-J (& = d6} ^l^b .C~jI Xy\j y\y_ A^ i jb^j 







fTT J^" 3 * 4j CvJ cS y 6-Y JUfu 


! ». . —»£ jl .Cw-I d ,j = -dO i jjalyb; ■-'-~-L !t y x t yx» :>IjiaI y d] ^yr jb —< ci'jb j *^i 3 ^y. jj ^ 

id) = 0 L dO/dt j j L djldt j i L dildt ji £ j dt *j J 9 yy Jaaljj 

i = 0 ) j j j = -co i 

i^UjiJL* .o—l cox j = -co i j (ox i = ft) j *£ i jJi^y «* A d i * c J£~i j' ‘c£jb y '-yy > j' a^Ui-l l> 

:c~iy jly<y b 

[ i=<»xi j j = fi»x j 1 (o—\>) 


^ 4_Lajlj j£JL* fl J i4^ <lajlj jl 4? ^*30— \ \ AJibc« ^IaC-;jLp jl L dp\ 

:^jl^ j' iS^ ^ -^Jc^ 

^=*“fi+^-(^+yj) 

= r B + (*i + jj)+(ii +jj) 

.c—l jci + ^j = oxjci + oxyj = 6>x(A:i + >’j)=oxr Ul 

ij—-l^y a-L a ' — . t ..a ajlj_il \j y j X ^-~£‘ j—~» 4 _$lA4_iJy JC-j> ji £-*lj J ^~’ *—^ (yb*^ C. rt 1 * 4 

_/y j-y4^1 j jAj> Lj .-UiL^a x-y ^y el&-i -u c~~J c-e-y aS" c—I xi + >j = v rel 


4 Pa-J j aljj v A/g — (OX r + V re | *S Ojkiyt jLLJ jlji jd* J* (^bjyxa 4 $^y ^ ^ ^ ^ 4jil*a 4—-jilJLa 

jl <d c—I ,yiy L Jyiy ^«j*-^' jb A yP d^Jf** j' ^ ,yjy (OX r OjLp d ij-iy 

.ii/^y aX>al- jlji (iUjy^a 

a > C~—IA eji C-S^y- <0—aj j'uc* y-l Ojly ^y-a-a |«—-f*j i^ly 

Vy4/B \ JL-?- y a5yu>- ji ceJLi ejb jLiJ o-^ ^ JSLi ji x-y oJu# 

y v rel = \ 

S \5 V/l/P Ji-Jjja-.U ejli^--l eji ^_—» jlyP <> jb-i >-So L Jjj 4jJa3 (JCj jl X-y jljji 

\ ® \ j—i ‘- > j~*’ t y i5js^ejl-U t Vrei ‘<3 jj C-—J *£ A op^ ,c~-l oJ_t 

y \ypcb t\\\ y 

'v - I |j J jl-L-lal jS S 4 -£jjjJ0 a_) .0«~-l i ^ijljjta _J aiy X-_y *s>Ju0 ji J-—* 

(o)<T>Ka Ojj_« 9 a_; jlj—j^y Ij ^ C^-^r- Jjl .Jpy ^^/ajUl jj-a 

I P 4_^JL»- ji .J—iL ( -a P 4., lad ? a—i o.——i A j —j 4_S^ i mJ yij V/i/p 

_ x ' ' 

^ OjLp .C . —«l Jj.l a’ ..a A aJajtl ^laj ijy 4ia>J ji j 4 >%ju& <j (jlaCU ^laJaxi 

6-1 1 JSLi. 

jl c_-I OjLjP j jjb r^jj-^ - j aiy r0 jlJLio ,^1 jb ® x r 

• iJ J^(y eJUaULa 5 4j J,. ^aT .4 jlji jd jl i£ B 4j C~ _ i P 






<— J Lo ft—>1 1-S.yLoO f\f 


yr-& J j* t )a~*y aS Ij J Of-Jajljj ^yj <—i^->-l j jjljS i£jl >»jj A; yj * — >}j-» 

'•Sy*-> t-£*S t a— jljJ 

v A = V fi +<axr + v rel 

V A = V fl + V P/fl, + V A/P 

v a= Vp_+JW (o->Ya) 


jl—-A V^. A_l—>■ .0 — 1 » Ojj.. tg' . i il j-P ji ti j—^ (_£jljJ y& Q > a» j* jl Vp/B aJuj>- Able* jJ 

J ^bil y\ j* o-l^O jl^ J oSjA P jUa* C^-y* \p if j- AbUa Jj <£X-y *l£o:> Ji aS o-l v rel 

a— tabu) J_«l O-—Jj j\ji y-S’ <_jLa jy^* (_$ I j-> aS 0—1 jl«-A iAbU^ l yy .0—1 <S ol—o>— j 

.0—1 Vm = Vp/B + Va/p = a) x r + v re j aS joJLaUL. j (T-T • 


(_jjLo j JjOwujo i_£j Jlaol 

jlIj t • jl— jlji y* J j\j* y~> Ij O — ±y> jb y <yUj JlJ— Jliil 0-\Y Abl*a 

J >\-'0 J- 4 ^ Oi* S- "*ji V=V»i+ Vyj (5 jI iy O—S' (^Uj Ji— ijy Ji j #ib O— y^ ^L.1 *J 

*Ij 0 —1 y}y X-Y ol— 3 ~>— ji aS 

(^ = ^ + v,j) + (v>v,j) 

_j O-— I «J— x-y «1 ^—j aj o r J aS .iaj^ jl— Ij V J^IS jl jl o jLp JjI o—S jj 

(_$LaO jLp A— a —>-y |j OyS\ . J—L^a »l^—i jl jji Aj aS jl— I j JlJ— jl jl i O—S 

: (*c~ru-i ®“'' *^J J j ^ 



( 0 -\T) 


ji aS ^A —— I; ^ t£y&» jljjl OjIj £*Tj* J* ^ —"I iy^*3 ( j' - l * ,jj» <—i^b^-l sJUA^ jl— ©XV bwjl 

OJ^—C- 0—\Y” AJil^a iJjJ j*»aIj>- A— OSj^- V—Y ( J—>«J aS A . 0 —1 sJi— ojljjl JjI yt 

. 0— 1 JjU» jj! i»j A— ji iJ ju jJ jj 




f Y^ > ^****«j oS"&-Y ^ji^o 



jl Jj <-£ C--*l «J-i ,j-ijj 0 -^Y Jj tO—\r ^^Jjjj ^ 4*4 

«JLi ».sb jLLJ .x-j' jljJ j X-Y OjIj (_^l ajj>*a ji jA jj / jUj ji Vjb y t 

A ,.^*.ii OjJ—; 4 j*— j jb J&jj-~* jljjJ (_$L-* J>\ l —j ta At aS ^jI>uI jl 1 "- ■ -^ 
• Jj-i *jla jUb p i lj^« jl jlj j! <ijj> jl A y/It 

x-y j _ > ^Slj ^o\j ;« J~-jj V 7 C~*»ij> 4 j jb<// jbj Cj-I* jJ 

Ij 1 jc-y 4 j »b.■■.■.' <jf dfi d)l_)_ji jl Vrf )3 _j jl jlJ jL« jyj 0 jl rfV 

1 cSL»<-V ‘j'j* > L; J' j-r -^Lf 4 O'^ 1 

dt Jxy 

y& jbL. 4 ^u ^ .v^ = vp J dV/dt &J$ ojLUl 

jl.L- 4.4 ^jljb ti{£j—S «jljLJl jlji jb I—> Ja—' 4 ^ jbj Aj C.....,i 

> i$J-> j' x V t^jb^ JSLi t?ljb _> ^ — 

’•** 

(VL=(V)„+*XV 

.c— 1 o-\r -JiU- jLa 4 * 



: OiL^ -SJJ 1 °~ 


<—>fcb£l 


« 0—Y Y <LjIj jl i£ r$ 1 j^-b* l» (jl v, <* I 




a A = a B +<axr + «>xr + v re , 

:4^ 0 —Y Y 4i»jlj jl [SjS 3^ Ij 

f = ^-U+yj)=(rf + yj)+(a+yj) 

dt 

= oxr + v rel 

4 Jjbl4 O—jI J (_ jAp aL*J>- ^j*Ay*i ijjjl 

oxr=ox(0xr + v lll )=fflx(fflxr)+fi>x v rel 

:j yiyf a A 4JjU* o~-l j 1 —j ^0 «1*j>- t0—Y ^ JjU-* >S*S aj 

v Kl =-%-(xi + y])=(xi + yj)+(xl + yj) 

dt 

= ox(xi + yj)+(jri + 3/j) 

= ®xv rcl +a rel 

a A*^i b ‘bj jLp ^1 jj^S’ t-Zy j Ur l> 


a A =a fi +c»x r+»x (ox r)+ 2ox v^, + a reI 


(0-YO 







el^OO <; O j jl 3rd —i t_jll.ii «A oji jllae t_jll— ^^lS" (_$jb^j aJsuIj 0— \ L <blic» 

JSL_i Jj ©x(oxr) j©xr .JU^y Oljj-i j (o ^l^jlj op^ L ^ o-l ^ 

J —! 4 ^ a * J a /Vfi <-jLii Lw« j eOlAi 4 j OjLp jJ ^jjl .JLileJ— ejb Ob— 0-MT 

fl Lj el J—■>—S i j —«J e-lalO jljJ jS- ^UjjS^e jl jl y^y I j OS’ y- ji\ .XSXi^y fl 4 j O r — i J ^IjjJ OS' ^>- jJ 
jl > • j ro 2 ^jL. ox (oxr) jIjuL. .o—I ojjb ^ ^U-. of jjJj; rP ^1^ oxr jlji. .xS^y oS' 

.C—-1 o^jb ji j_^* p jIjoI jiB aj P 

oUaiw ji jlj—lj i are) i jl_U»l j J <3jj 4 j Qj A t_jt— 

n S/_^*A4 OL; ^^iai OLa^ L j j &J+S- ijifj IS’ 

4^0'* .JjloJ— tob Obbi 6— MT ji o OJ j£ ^y jl^i ejlil—I j'- '- ■ 1 t J 
y eJOi i^j—jfejljjl <L»li J jl j3 ^ c-l (a rel ), —Sj loi. (^Ijb ,^-Ue 
jj ^S” C—'I D re | /p jljji* j_jljb JjJkP <iJj> .OiL^ A Ij alJOl 

0^0 “• U - ^ ‘ "■**4* * ? •*■!——L t_f* X-y aXu i£j^ • jl»bl j?~-* j^b>ul p 01 

.O—'I <>■ jl* b>ijl £ J* *—* <J 4_i »-A 





i_UAj jLU j o—l Jj/i t_jbJi jj < 6-\T' JSLi js e_ui eib jLb t 2cox v reI o jLp 

ejlj_*A of jlJOel JjS ejlxl jljJ jUjj^* j jlji jJ- ,jU jj>+* jl *5 -Ol;^ P «U O—J A t_jll>i 



6-1 f JSLi 


b tS^ ^I^J lj>-« Vi ? o : j' Uj • c ^'* J 5 ^ 1 u-^oiJo^ v 1 ^ f 


jL_o I_j Ij eSjjO t5L_j j 0 -^ La JSLi ja .3^ of ^>.j$ ^y J*> j* I j OS' y- ^ji^JojL, 


•jo, OjU j,\ o-^l. jL ^JjI ^ijj 4r (^Y^r-Ufr) G. Coriolis .4_jt> jb-; oL <, * 




I—» «ji j Di J , jljji Q) —0 C~jli i^Iaj jlj y L .C il jl ji ^ji j*J Aj <xSa A \S*p^£ Dji *£ p jli (_^©l*-i 

jL*i ilAi.1 ji oS" y~ jl ^Ij x t( _£U<uJ y ^Ijb A C-~e-y .ij*J t s* <jl a» L~; J jb*i ^l-*x«' j^ t) rel = ji: OjU C^s-y 

jl ,_y— U aS^ rf/ j Alkali ji kX-ji jljji jil y C-C -y A*J y ji ^jjl ji Oljj-ij . jljji jl ^yilj XO) J 

.c~J c-Li Dili jUU JSLi (b) c*J ji jE'-_y' o-*j y <> j » ijS - jljji tf0 <ojlj ajlJLJl a. jc-;y jj>^ 

L--I 0) dx y)y i XO) jI-La* jzyi jl aLp y y-> j xdO L C. —'I j>}j> V re i C~£>- j~*j jl ( _j-ilj OP y yj 

jl-L-i* i(0 X + XO) = 1x0) l y M i l-<—>1 J dt y Iaj-w jl i-^j j* ... a . ~ jl . A' . - .,.-* jLJj ^j ij^P j' 0»f>- ji ji j* *£ 

•ii-r^t/* d-* 9 ^ 2 C,X v 1*1 urdji )j£ 
j£y As^yXO) 2 L X0)9 i dt y 0—1 XO) iljL.1 yJJ jl *5 XQ)dO J^u d-LU OPj- y: y~M l 

.i yy j-la ' .j ^ »ji y a1»©*J <-£j ji a£ O—-I jL-i yj dJLI OjU P Alaii aS 
j-Sj* (jili jlj—J j AJil*-o (jl ji B I-L-* Aj Appy b .ijli OJjUx. 0—j 1 d^~i b ^ullj ^jjl Aj j^sj- aS (jJ^TI 

jI-LjL. (jij_> O-jb OwJ ji .0—1 0)X r = 0 t^lAjjlj OPj~* (ji jj O-jIj Aj Aj»- jj b .*}£ y Bg = 0 tjl j^U- Aj 0 OjU 

jxjU^ UaL^ ^jjl y^y a re i = 0 t jLi 0 iy j v re) 
8yi = fl)X(fl)Xr) + 2(»xv ri 

:c~ib y- xi l^y v Ki j 0 )k i^y eo jjrf + xjJa-j^r jl 

a A =-xo) 2 i + 2xo) j 

.Xj^ lSo>j 0 —^ 1 jl lj 1^* (Jd 1 **^ A^ 

CwiAj (C,\<>%A~0 ias^l y>x^ OS’J>- ji ^OS OUaLO ^ij-iJ jl aS’ C~-l ,_5 Ia>w jU-A jjjl j*jjli A>-j; ^yyJ» 
y>^» uSyi jj ^ol j jL-i j? I .|*l^ ^ j^jl>- <wLlj0 jjcLljrjfl=0 j r = 0 tT—\ 1 a!»jIj ji *S yi y <. -kA^y 
••^Lf 4 )\y Aj iS^y* aaIj- tSljb ybJ, J Ai/^ yUj? a re] lijj^ JSLi 

jt^ii j jtj<i «U**jULo 

J ^ J* «I^L-i Ji ji y~j (-jlLi oMiUj* {y (^IjjjUj J Ia^jLJ lj JUS^yD i_SL»S^ ^j A—jIiL* 

.A)i^ (j-ijj jlji yi- 

a A =8 b +®xr+ <yx(<yxr)+ 2 ox v rel +a rel 

a A= a «+ a p/ B + a A/P (0-Ua) 


A—S^ ^j— AJilit. ji .c—-I Dj—i <_^w»jj jLi ( # jLi jLj pi Akjlj ji *S wxr+ox(<»xr) j a P/B jiy Jil«t. 

*—Ly- 1—>LjI ji ijl j]o L'..~. < , ... i y aL*j»- ^j <5 A»j j^ jiii Aj (AaJLi I j Bp lj o-Li > -S y ph L Bg + Bp/g 

.iy^y (_$ y£ © jljJl -XT-jy jlji £*Tj* «l^Lii ji *£ 0~~J a re i ( _ yr ~J (_jllJS L (_$jL-« 8a(P | _ y: ...~i (_jlLi 

A->;«~J A Dji a H (_jlOi j jlji j^ ol^O>i ji /* Aj 0«i« — j A Dji B/yp (_jll-i f yi Ojlii ‘ ( j“djJJjS" L-JjL-C- jjjlj^lx 

‘j'j' 3 ol^L—i ji 5 4_j o-—J A oji a^e (_-»Uoi aS' i yy (AJil«t» y» jl^>- jl .JLiL^ t jlji ol^L-i ji P a. 

.XJi\jy jlj^ D^L-i ji (Jjl aLjIj y\ aI*^- jl^- >_ y jl OjLp (Y —Yl aIaiIj 





<-JL» iJCuLb.L;^.) _ J-oS ft A 

l_j 4Jj j —Jjjl—u ^ ^ *—tal** ^—•£ a _> *S jjSfuLj p.»... > j 4 P ^ilJajl <daxj t _ >h_i 4_.— >■ ^ A < _ >b«i yiJiy L 

^_il a_, lj o-U A_bl** jlyj^y ji^a P =a B +fl)xr + ox(fl>xr) j>)j{ P 4_j\l«i I Jij .Xijf'j ,• y«aL- ^LjUJl 

:c-i> Oj^o 


•- ." ' ?." . ' > 

&A = »/> + 2 g) X v rel + arel 


(o-Ub) 


,_gU loij jl U> ^oj ji «lj>*b I j P <liaAj A^ O-ib Ap-y Jbb 4iyi ( y* olal-j <jjj aJojIj jl *£ y 

J^L-i 4_j bJ_>w4 .J—.iby ( jJ a X* A «ji y ^Jaj ajy <la>J ji j oy J „ al« jl_ji ^«-y ol^OO Aj a£ Qwil i yu j ■**-’ * 

.■iyi jr-jj ib aJoiI j 4 jl j 0—\ L <l»jlj jl t_SCj y l! ^ <u^-ly O-^Y* 




4^0_j £yki j}. 


jj j-< j XL; 4j*ji £ »->l»wl I j j\ji j* 4&jI i y*>^ <> 4<u«»*Ap- jj 1» aj 

lj 0—H _j 0—^Y oViU-* 
jlji j_p~» B IJy Jib* op j~> = Vb 
jIjj <yl>jy»* 5 1-0* jiloB yhO = a b 
^jj^BjlXl B jl *S P jylJajI Alai 0*iy jby * T 
jl J> lS'Mj'J = fi» 

jlji <_$!> JJ>** C$Wjl j = O) 

j'j' 1 *■>. 0~~j *S A daZ vOp= V re | 

<SjS # jl-^l jy** O'. —i A <]oa> * >bj = a re i 

t£>*A (^l* Jy*iA jl 4^*U» «iliu-l 4j y (JJpw *5 iy* oi j~* *C -I y+; yjipMJk 

y iS^ji y J 0-^Y Jajljj Oi £ Jju JjL Ij OuLo - ^yl 40 .ijb 


3 4_>LL« yil aS 1 J 


* Iju a- ji (yUii O^y- ^1^ 





f Y^ I jlAjpx* <0 O—J cS &-Y JLSXI 


1W : 


A-)f dJ^JOJ 4 JLLu«X 

cSWj ^j Xp j~* ^ 0 Jj»" i _y c 'b-^ jbjb— 40xi ojb jlX AlasJ jj 

= 10 rad/s 2 ^U - 3 ^ pL - sL , j 3 t rad/s 

4 /■ = 1 0 * mm 4., l a» J jI jJ j 0 J—— 4—ilS*lJ_>- A eJ._ )j »J oS^ y>- .0 _-I 

j—;! ji Ij A jlk* 4 _jLJ; j op j— .o—l r = Y • Y 0 mm/s 2 j r = ^ Y o mm/s 


J—^ ->' 3 0 '“V* ^ cij'j" 5 xLai>— el^Oi ^IjjUj 4|vJjb ^yljj-i j*—* <-5o Aj X ■■■■.- '» OS’j>- L>0>t ji :J^« 

j j i j' j J~x* <X—j -b Ij x-y ,ol «xi 

IjvJjb j o-Li dl> 0— ^ Y <Uajl J jl Vfl XjLp i 0 jJ IjL* i yj J> jlaj jJ l> .OPj— 

V A = O X r + Vrei 

_, jj^p 4^_ jb^ k jl ji aS - o = ik rad/sec t oJ ^1 ^ jb^ JC ao ^Ia* jlj o^ r 

ji j Xjj—» Xp j* - *bU* .xlli^j* + Z jlx«l jj 

Va = 4k x 0.150i + 0.1251 = 0.600j + 0.125i m/s 

,J—j jl-li* ,_$lIjb j j jo 0 J_t 0 jb jlXJ jIx»I jj aS" 


v A =V(0.600) 2 +(0.125) 2 =0.613 m/s 




fflxr 

o£- T * 
' \ 


lol. iaTo X elSoo lx* jjjj yut 5 Aj Ao>-jj L> 6 —^ £ aIuIj . . iIt.* 

.jj^^ oij: jijj 

a A = (o x (« x r) + ax r + 2 a x v re i + a re i 

.x— y _j Xjj—> aj jl jLp aS” 

©x(oxr) = 4kx(4kx 0.1501) = 4k x 0.6j = -2.4i m/s 2 

®xr = -I0kx0.150i = -1.5j m/s 2 
2<y x v rel = 2 (4k) x 0.1251 = l.Oj m/s 2 
^ = 2.0251 m/s 2 

:L O-l sJjj ^ ojol^b 

3a = (2.025-2.4)1 + (1.0—1.5)j = -0.3751 - 0.5j m/s 2 v lj^ 

•O—-I jj j jlJio ^1 jb j to jo oXi «jb jLiJ jlxol jj *S 

a A = V(0.375) 2 + (0.5) 2 = 0.625 m/s 2 ^Ij^ 


O.—5 ^JbL-l (^LaoUJ I— xJlji OjL-j j?Xjb .o~J fjjjjJ> aIo- ^>1 ^jb y ^bolx iaxJI 

j jA)l_>-^- A_o AX—Jl jljj^ Ij .j-JjojjS" 4_jllX 04 >wS .XUJ Js- ^yl—1 j—jfc Aj I j aJ/ 

O^S - lx. tjsji jolk* (O jljjJ X 4 >- Jj jbjj jol lx* J y~ V rel jbJj jlSL, 


«l»x^ 2®x y "' 

»A^-- ♦ 

j/A \a rel 

fflxr A 



v -JL o ft ♦ 


JuAo Ol5o 

■liuil A ^ (JjilU <t£u) (^J s) of miOfjA Juuj) <0 cjiflle dii/‘ P of s> of ^uul V A = \p + \a/P <&J.b O 1 ** d) 1 ** Ui 1 O 

,C»I cjuij 42bLui )yj^u/ly &l(Lii) i_i /"(jtiLuil /J $£jHvl X-y-Z iS ^ /9^ df'/uf'dAp) 0 

j tjtfhu y y) P /jju tflth&l i^jlXw (jU/Ua y (5yyA£- (jbxtjlpA ijjjP'( jsUmA fflXr y (OX{tOXT) df'/jlf'J jpU (jlujJil 0 

•yyi^yi 6-l£b ‘tJytee <tl -bp./A Ou(ji (j^/ A 




Cb —W AJ^joJ 4jLLwy o 

OD jl_)i jLw .Owl -Lute AC ji e-Li V_yJ i_£-J 4 j ^j-J 

ji j io~fs^ <y = Y rad/s ^<1^ OD o~pj~- .-LtO c*£j>- 

0 = 16 0 •>_Sf j* j^ljJ .JLil;^ O-li Jaj ijy> CSy- ^yjlej 4J—S>lj 

2 rad/s 0D ■>* £"»'-> J ’ Ji ^ ^ A ^-r- J A 0*4 ^.r- ‘ c — 1 i* 2 * 1 -> 

Oss" b 


jl eilii—o! i(jU—i) jl ji j?-~* ilJ-xel (A j-*)) < JaD oi”:J>- 

_>laJ L w'Uul lj OD c5jJ1j *-i G-Oi JjLaJI jlj' 5 oUsL ^Ia 

_j eJ_Jj »_9.\ >• 6—\y eJibta ji Vfl 0>jl~P il-O* jlj^P <» O OoIj <da4j ^JbS^ 

*\ - O) X T + v re , :^jb 

:L Owl ^Ijj C J_ys- oi - ^ A o-Pj- 

v, =%xr ra =®rjkx (225/->/2)(- i - j) = (225/ 1/2 )o f M 0 ” J) 


eJLi <L3 £ J& ji (+k) Z OJU O-JA- J iy^P-L. O-fr=r ji oljS^Ji Jjk <U (WfA t^Wjlj *• 


- oi ji *s 


:L Owl jj\ji Owl J Owi e_lpts Jo—I jj J oljj OD i£jjlj Aj jlj^ (^1 a j_P^« <y j J~“ 

a? = 0 ) k =2k rad/s 

:L c—>1 _y)l_y> ^ j*w j A y ( jJaL e j OD i P <daxj <j IJw jl 

:0i I^L 4 r = OP i = V(450 - 225) 2 + (225) 2 i = 225V2i mm 
<y x r = 2k x 225-/Fi = 450>/2 j mm/s 

_j i_y—i^y* t£j-$ ejlj )l jljJ IjLe el^wi <J J—a l e jtlj Ja-ejj Owl V re i ^ > O-Pj— O'jLp te^^/L 

:O w b j»-Al_y>- 0 *p_ y~- ^ib I^Oj jbp ^jjl o^b jly L . v rel = ii :L Owl y}y m 

(225/V2 )w CA (i - j)= 450V2 j + xi 

:j*jjb jj\> <j j j i v_JI jJ> jib jl Ji ^jl—* L 



fn j* ^ -Y cr^i 


(225/^2^ = x j - (225/yf2}o CA = 450V2 

(Oca = “ 4 rad/s j Jc = t> rel =- 450-\/2 mm/s v'-P - 

ji CA cS' 4 -ij'j O-p j-* ‘ < 9 ca c 5 'j—< ir*£ J* ^ 

:L c—I _^lijijljii* j ML <u /4 OPj-- ‘ ei ^ a Ofr 

Ui = 225 ( 4 ) = 900 mm/s ^>\yr © 

4 bjlJ J ^ JiLo jl ojUi-l l> .XiyZ^j* ».ib jlOJ ^L-l *J J O— XAa IaaL*j>- ^-Cjo >-i — >j? 

OD ji ji ^jjL; J-; £_ilj ^IaLlL P jl aS - t V A = Xp + Va/p \C~iy V B = ® <jp*£ ^ ji L j 0 -\ Ya 

OD ^ ^ialjuul J v,, z=0P(Q = 225V 2 ( 2 )= 450 V 2 mm/s o—I ^Ij .0—1 *xi jJa^A ^ *S 0—1 

^,1 .xiL^ 0 j>*ij jl~i i'Jo»l ji to—I v re i jU-A *S \up { _ r ~> —p^- *S aS*ll* J£o jl .xiL^ 
jl ^ j eij^J ijjj £~j P O— <0 jL-i ilJo .1 JUail jl J-i A *S ajJ. » 0 aL 1 * aS" 

lj (Jjli J -dajlj jljj^l . 0—1 ^La jjX» jUi’ A C~e-J~* jji P jl jLO il-il»l < 3 ^' 

—>L>ul JSLi ; 10 ° o — jJ^ (^l^ . 0 —-I *xl_» ,yL Va jIJju J Va^> jU£* ( _^u i J 15 L-I J^*=r~* Uj 

4 C ^ 1 a— jlj o-i.xJilij/. ojoi »ib jl— alJa .1 ji ^ j*jV a =\>> mm/s j v A/P = Yfi*V* mm/s oS"^ 

:L o—l jj\ji 

[«=t>/r] ( 0 AC =v A fAC = 900/225 = 4 rad/s j^&pLoL 

J u to Ol 3 o 

Wc A (J^/-i •— /-A/jii y^-Lwyb Of-A ,) (S^.9 1 / C^/" CA .0/^ ,) Jam/I (Jj/J M ;/ O 

cAsi cA 4 

<t/ cUzt x-y (jit-,?* Im* ( 5 ^ A cjUm* <j(*,?u tn^ J 1 ^<S;9f* Oi 1 <A c?^ © 

isifiiJ '*uj .tfs* 0 ) 5 ^ t/ .> 4 y « x r / y v ; . 4 U? &jJ ^>nxii CD H g>i 9 P w *hJJ yu* l, CD 

a fj\) <Uu/iS> }! a)l£L ju/l b a\&w) 9 ) (•}*) (Jl&ll ./ipui (jLj J J I <4^ C S^/b/i 0 X-y (jtexLil^a fi (. S/b/i 

j = I sin0 + J cosO 9 i = I cos 9 - J sin0 i/a^ ^ 9 <^l 




4j^joj 4,1,* «, m .o 



A v ;ll Jj j AC jlj tw^U-i ifi— \ V 4 aXu^q Ja^l jJ* jj 

OD y t ^51 j jtw^ <o 

2 rad/s 3* J <3^' ^D i^jjL ^ lj X->> jlji OU^. ol&~0 : Jp- 

j — <u*> 3fl 4i«^»- t O c-jU <Lk«j ji J-U* l yj£ jO> l» .^S^ oilcJ 0-H 

:ouj ji toJLi 

a„ = <yxr + <yx (eox r) + 2o>x v re , +a rcl 


t <o/ 0U1J v re , =-T<S*Vy _ i mm/s j ft> c ,4 = -ik rad/s « o) = Tk rad/s jl t o-W *!yj, *h _4 jl 


—d_r<_5^ 

a /l =< %A Xr 04 +ea CA X (%4 Xr CA ) 

= ®„kx^(-i-j)-4kx^-4kx^[-i-j]j 
g>x r = 0 c—l OjL‘ « 1^ j 

©x (®x r) = 2k x (2k x 225 a/ 2 i)= -900V2 i mm/s 2 
2ox v rel = 2(2k)x (- 450 a/ 2 i)= -1800V2 j mm/s 2 

a reI = Jc i O 

:C~ib j*-a \j>- <bl** ji Jji tjlfjL* Jib 

~ (225 (bn + 3600) + —(- 225(b CA + 3600)j = -900>/2 i -1800>/2 j + Jci 

\yy jjJoj ijJJ> j j i jib jly ^jl—. L 

■n 

(- 225ftfa + 3600) _ .j g00 ^2 

■ft 





fYT j'* ^j>- &-V ,jt^u 


•^d'ty* ji j 4j Jj&>^ j* <jy jj J;- jl 

(Oat = 32 rad/s 2 j 5c = a re) = 8910 mm/s 2 ^yr 

•(*•(*C*I.P“V IJ A tJjloJ C->jy-0 jJ £\ 

a A = (225/V2 )(32Xi - j) + (3600/V2 )(i + j)= 7640i - 2550j mm/s 2 

oili:—->1 ( _y~~> <k>lj jl 1,5 J—* 1 y 

P ^kl. .Ijfi <olixJ olj <U jl ‘jl^’cf 4 •(*~‘^ L y 4 

<J^I—** jJLSC—^l (_$Ia4_Jl»j>- .p—i'jS 


laj jJ iC-~k A J ^ k .* *£ I j OD jt ^31J 
:jl jlJjLp 

C~fr>- J CA J J y*£- 

C c— 4j A jl 
0 O— 4j P jl 
c—I c-jli a> l^j 
J5Li jj oJji oib jUD jI.luI ji 
<i re | = x J^>w» o^>- j 0Z) jl^z«l jj 

S <1 j sj^S" /? jl *kl*> 1 -iJs> jA ^l^j lo^l *j tgil jl lj j £j j-i ^j1*a jIj^j L 

jl f'- 1 —^ j * cy*-!^ 9 8j -- <c *~: -'-‘• 3 < _y 4 b k—* ^yr S pa^i j (a*), i$UaLt>! ^kli: ^>- 

J5Li 4~J JXA jl ^L.1 lj Ifil jlku J eJjk { yz>J~j> I j <^1* jb y 



M,= ficA x r cA | = rtooi = m 0 
(«A )„ = Km X (<o CA x r a J = ml 
(<i/. )„ = |<yx (wx r]j = OPto 2 
(a P ) t = |<yx r| = rd) = 0 
|2ox v rel | = 2ft) v Kl 


J uJLo olSo 


/-/ U rel /p (jl<Lily, (jlyl) t/ Lw pl/lol ,) fjj.,Lu, <Li)yt fi' tfili. a re | <SJ y lfi 09 Uy> P <jh»l k 9 (J& $ 

•Ao/'ty A' J^/- 6 (59* *i 9 /k* 

•>9*i <JjV)lsUi a lL) (jUp>Jt> cU /I (p9fAA ;/ (Ji s! >9** <S9; A ^/bf! &>/A9& U OV’c A <J ^i Ajb 















f rv J3L—o £>-Y Jjv 



jli <o-no <ik—- Ji £jjo. jl o-\V\ 

jl lj *£ B jJ ^jiHj Jj 3 jl I jA (_gl«-jljP 
.jjl« j— i Jl . /al l 5 *j x-y <$yU- ji iju jjl o—J j 


taliol V rel jl^ O-HO < 


- e‘ 


.Id jl 



JJ-L-• Ji—<—*J—1» 4j D OPj— Li B J -—y \ Q—WY 
C—Sy>- V Op j —- jL*a I— > *£ A J~—jjl !_yr J_/>■ 

Lf -*^y iX-^ OjLJ olal a—« <o 

4—i < r .« ■«’ (.uS'^4 jyA* ®x*i tala jLJJ j 4 J—*J>l 

*—; 1 -'-ji' L5 ^ jlj_>a jl L_; _> jly 5 yl ja 4^ ^jkC 
.0-1 ^1^ 0 4jjlj y* (jljl 


6-lfT 4li~ JSLi 


lj ja ij^-i ,JjIJx« i—O-MV 

it) opj—— l—> .c——I «wLi «ala jLij . >ji>- _ JU_i 

>-jloi j—>1 O -.Ip 4—j .x .'A \j • -Li *ala jlO tlj j— 

>—ij—>o jl *5 i X i tala jl_JLi t jl JL—>t *—> t^. .Ijtjj^ 

^jP ja i_j_jj .Xjjjl o—J j 5 ,_$l^ (jl^lj ■SyZ'ij* 

iaAj—^ ja I j Sj—p- O jl —«p .ajla jlj—• 0 ^IL*—— ^jLjI j*-t 
I—J .J— c—»Uv» 9 = t>° jV = l/om/sii=Um 

?Xi£ l—jljjJ k-JjP *4 Jj" 1 *“*4^" *■< lj V-JjJ J>1> jlj 

.x^ jL lj oLjy 4JS" 

(5 = -^-sin0 ,5 = r/rv mm ^l^- 

u • 


4* J-*a jLU o-nr 4h— 4p«jo J Jblj-i jl 0 -\M 
j 4_jjj? jly B Jll ja 4^ jjja jl A J—* k_jlLi 

J j — X-4>- ji V T / y\ji jljji jl L 

..Lil^/4 ^1 

OjI—J Op j _» I i B (_$ yl (_jl—«—il j—b 6-l“\0 

lj \o km ^U_ji 4 —> ^y i_Sj a* > km/h 

^ .X—4tX— tala jlO C..«.ij< 4j B 4& 

OjLJ opL; jP u j_j>- 4—, jlj^j Jl>. ja 4^ 

C i_jlo>vil j-£j* I —> B — ,_jpl»-i Ja>- • km/h 

X-y (_$l_*jj>i4 jl taU:—«l I—> -XS^yt ^ai lj B cSjljjJ j;—• 
\—ijBji 4_£ (_g ^tlj Xja jl lj A Op j— jla y i B <j ^jSLoJI 
jL ^.L>- j2> o I 

= — I w/4i - YYYj m/s v-ilj*- 










(—La 


u-is" y t5^ j' JJli *& jLU boi ja laJ>— O-OY* <JLl « ^j\yj O-WO 

'“' — *" j' iltt*^“-* -*lj£i R ~ "VrVA km lj yj £lO O—*5 y Jj lj C Q,_>■ a T t^la—jjlj (_jLi >•-- ! oj_i «ab 


i l*_Sj L IJ OLjUh j XzS aalii—l g jtjli* (_gl 


^ = -UYT.ikm/h 

im = - a/* Uj m/s 2 (g = ‘X/AY l m/s 2 .alfc-l L) 


OjI—i (_5I<-j jlj Op j—» (_jljbA .x^ d= Y*° 

.o-I a j&pL Cf* jj Y rad/s 
cc v ~ \ "V ov rad/s 2 CCW *_,! o- 



V = n km/h oL_S OPj— jljb ,.J_i .ala ^LU JSL-i 
o' (Jjj A J-+J Ja —*y j J-dp^ yj-*} 0j->—< ^>- .0—1 
J_/oS <L* c\~>y aj£y jlajL— jjl» jL_jj OpL 

8ila (1)1—0 OjaS y ji .Jjlt—-ip j ^L»- 4 j Bla—jj lj DB 

.•j^oJLj) .JOS’ tj-yj I j DB J y^S a_L. as i—>U_— t»J_— 


a,s = YV/r m/s (c 


(. J~S aJia-l)b \j a y>y ^..ra7* 
_j<J ) (_jl y- 


JJL ^tjOl i^_»a^J «J— aala jLU I_ja 6-\V\ 

^ba ij~*0 •-*—** c)0—l J ' . I; jl o—ja O'jji 

S— J-i *-£ '—>* (_jb-l j OP y .(a NL L— I y 
tic J Vc j->\j> tJjlaJ-i jl_j C (^Laq y A_p^*j»va OS’ ^a- 
<-,j\j .Joa j-Lr '-»P» <-> J ja ^_a <_S JUlL^ 
o'j^ 1 L -i (0=6 Jm jl ^Ijl_jal (jlj— j >*y 0 
tS^y* tSo^'j A ^ /I a = (b 

^IS <J O—J y y *S a n \ J u re i (_ab-l J OP y [j U-l y 

<-£ ^yS> j' ‘Oj y ^ ojlJjl jL* o»— <i U-l y 

jL A v_jbJi j op^ jljj ^‘IjLp jly ,^-j ^jj y 



JSLi 

—-I jjJ—• jlo ja A ^Lsii JjLl ► O-W 
jaj^J jl jo/ jlj—i Yi* km 

ja 4_S ^jtlj <j o > — > lj Jj’LI (_jlxl j op.C—« l oS y- 

‘0 —'£y oljja (1)1 b j aj-i Lai. -yj K, I xj ja j B 


6-tYA<lL-JSLi 







J* - p-I 4 — —S Jp- (_jl j—i 4 -Li ^A Y (J^ 1 * ^ (_£ilO «-^L> U - b— ijjJ lj *j>~ Ol* jbut 4 O J-^ai jJ 

^A -4 A->-> J j b <b—• l—l—I .»j3 y. j^-> oJue 

(jJU fl jQ >05" j> JJbo 

J Ol_*jJjm 4 --—->• j—> Ij Ja> ijy Ali—* iJZ ^.La tjXjjSLi *£ j*Oi y tlJUil 

•A o—-b (^l^ijlj J J**- (^UejLi J IaOp ^ U jO» A Jii-. jbj <_> o~J aJjIjm jl .jA^/* 

,^-wJ c*S j> JJpu -Y 

(A • i i^*-‘Lf* A" 0 l$Aj J 4 '"’"* A J (*-d J ji lj v--L<5 ^L-p-I ^—1 £j>y>- Jj—>l 

4 -jI:—- <Ja jIj j C-Pj—- OjJ-; { j->\ j£y —> LLp^ aIajIj jl I .0—1 jl^io jL~» Jbi— JjA jl 

o-IaL— jIjJ jj* t_$l Ajj>%a jl <?ot> lj Aia«j J_jp- <k«j i_£o A.bJ' 3 O^cJU- Lj 4 O— I f jV l /^a ^ 

JA~ j £j~*j *i 

t—>Lbi 3 CaCjmJ OVilxo (Jp- 

•(**1^ A" A ~* 1 jl <A* L> ^ Xb —a <Jj\*y ‘(^:—» ^li-l j ^—i OpJ ajtjj 

^ 15 L,I Cijy» <j <Jj\>y {J »1^ JOp JJpw" 

L . 'iSJiji j^r -1’ 

<_f*r^-r’ a, i$jb^ J> JA-^' -Y 

^1 jjii oL cO-x o 

jl Jj 4 S- (OS’ Jp- Ij ^‘L-* Jili l<jl ia^y ^ |*J lj jljj OUalPv. 0 J^ai ji 4 a^-^I j 

ji jl Jj-?- A-S - JjLj C.~ S j>- Jl ^$\*iaZ el£ J* .11^ dAaLL* j\j! £jp -jA el^OJ <1 vO-—j Zjj* OS’ i ^>- 

A-Jajlj jl ajliol jj ^ JA*" A «ailiix-.l —I OS'^ jl J\ 4 O—I jljjJ 

iSjS ‘jl^l tSjlJ j jl t5b>OjLp jl aS' v_jlzi ^ 0-U aIsjIj j cp^ ^1^ 0—> Y 

i-Al_p- oib jLO V J«ai *S .jaJjjl ^Lp- Aa \j j J i A& (^Ujb y J,\j.j a £ ijjfj'y 4 JJij-i^ 

.cij -LaI J>- jby _jJ OS’^>- 0— > i J 0-\Y Jajl jj 4-Li 

0 —i' >A ji t‘r'^ J Abj J 1 ^La ( low. JJ>j jl aS" ^Iaapo jl ^ 

c-p^ jbj—, jljjj jl j c—l jloi* Jo! jl |VA J O-fp- jl (*■» ‘jU*» LLPOl^-i: oJLaj jLU oLap- jJ 4 _jbi 

• a i' L y' jr- 4 JA J A ®J^ LOaSja jl j~J6 j 

*S LLaL; i^-jaI^ Lpjl jl .J—i -Ul y- AjJlka ^Ia>J-» OS’ JP- jl v_JLp ^L-jpl 4 4 I JuMai ji 

4_jbi J>- Jj *S o—.L^ 4 jjL-^ oS^^p- aj Ij eOi JLpI aS - j j^ ^jj ^j£j\£, 

Lf - J b-I J i$JJyJ> 'A*\£ 1 J-uai ^\y 0 4_JUa4 Jjl^lb A^ib \j ^j*i/ ^Ul y 44--—L-P ^L—P»-l (^lAjjlj J I^ap- 



c 





6— t A 1 4 I MU O 


Op^_- L_# X ^__til alJL_i.l jj 0-AAY 

jljj i 4£JU- jj io«*l j\j Jb- ji t) = Y • • km/h 

x-y u .jt»l o«jLs<j 4j q..»> Ij \ • 0 *j jlj \ m jin aj <i>l tjlj^ 
jljjj Q = A* • rev/min ^It-^jlj op^ l <il jy .jjL.^ 

(jU^j_- ,_$!(jItJajlj itOi «ib jlO <la*J <^1 y .SSy 



6— IA l* 4luw JU 


OS’ y>- x-y oJt~a ji ABC tjjljJI j*Jti lSoJ C-AAV 
A 4_; C-.-i B ioJ_i ojb jlO jj .jjb 
\j A <—1 ojli > ,c~*l yu& y\jj C v_jU<i j Y *i m/s ^1 y 

,J*jS y~JU 


a A = -\ Y/Ai - <\Mj m/s 2 




£-j-J>- jljji fJjj y 1 0 <*jli» 0 - 

L IjA jl iS\ £ ) a * /» \ 0 »*jIjL» jl iO~»l o-O jLl» 

X sS uSI £la.,gl i_£_j j »Jj_; t^l^Jjlj Op j— jjjoyt 

*—» j L..W (_$l 4 jjlj . jliUL jj o>li 

. jjloill k j K J\ js *£ cc — — K— k(o \Zjjy*0 

4 -Jjl (^l^—jjlj Op j— jl Ij jLt £-j>- *S jbj (^I^j ^Itkjlj 
.JjjjI 0 «*Jj iJjL^jy jh~0 4 j 0), 

\ J 

t= ■ ,— tan 0 ) o 

yfKk [ 

jji j jj jl y j--* ' S ' ( _ J —jlj—J 0 —\A‘ 

_/l .jjiS’ < _ # _* t XloXi jlj— yj^lS - Jjj 4 S" 



6-l A • 4K.». » jSO 


js h—^>y £A—«p*V! (jjLo JSLi (jjj 6-^A^ 

O-jlJjk |*A y iy^t, jLJi Jj jj OS'(Jlp- Ji B J A lSuIp 

ji IJ *—■ >• *—i• jj* 4j U/J OjL OsPj—j y4 (_glO»l J <JL< .iyiy 

—til tiJj* jl ji *S B j\3aa .JeSy ib^l OS^ yr- jl (_$!<*y 

uz* 5 b j*~° C opj^ 



0 = -\* 







ffr 








Vb = yaa mm/s y 



Lr bj iOPj—- 1 —; jiL’ JjIJ jXi jL Op- 0 -\ < \' 

* /^ m/s a_J_jI >—A z —j l_j jo)l>- jl ^JjIJ »ji ji e! 
t^l^-xl i jL-SiSJj —S’ <jl»j*> .Xli^ OS’j>- aj £jj«i 

a—J jl >——-i l_> ^yol Cjjj~a aj <_J^a- O-p- Ij jljl 

I*—* Li jj £—i oJla- jl aJo»j jj j* j^l .XiS • A m/s 2 

4 —J (_$jj A a.La, jlJLi< (JLjLw oSaj £_}jJ< 

J C^Sja- £_jj^ jj c—Jj (u^3D :X^ Ij .jiji 

j* url ^ ^ (‘r’) 



6-1 ^ • aJ ? 4..« JSLii 


A* Ij A .jlj*U IjOl jj £»\j B jlilj .&OjJ 0-\M 
jj aj <_jjP jl Y • • km ^Uijl jj ^l^x-l _>_>x* jlx. jj 
L> r '° 4 —a£ yiy -xZfj* ‘C—l y~ 

<-> 0 «_~J ojljpL OPj-j lJ*^! iJjL,^ Jil Aj o~-J 

I—; Jj-i [£j& »jlXl jljj jj* ^y jl a>uLp Ij jlalj al^OjI 


JX= a• mm «J_i «ala jl_ U - u^ .1 Jj 0-MV 

•Jbjjl C—-JL, Ij B a la a i jLLla Op j_j . 0 ~*l 5 = V"\ m/ S 

Ufl=V*Y ( \m/s 



la .«ji AOD A_jjljli jjli jJ A j—^ 0—^AA 
alxol jj */^ m/s OjU opj—-1; 5 i_i*Ap (^UaJ 
ao*j v_jU_- 6 = r*® o . : «»j^ jj 

jL-^t jj jl (jiMl—, (^Lj-iil aJJU jj . j.)1..>i I j Cf jj O- j 


.Jjli jlji AjjljJI pjli L^J ^jpUJl 



^j—«< c..» f jj >-ijUi« ^jjl$L« i^j jjj J£«i 0-^A^ 
■Zjj^ jLSj (jily A>»i«* Jj aS' jljj Ij 

a-^AJ ix-wj: jL? jl ^jbjj »aljj »jjj fjpl£* ^1 jJ 

Of>- A>«J C. A . ^ jJ J Jjj jj^y* ^l>*jl (^XS - Aj (D Aj 
li’j—>«A j?l .Jj;?,^ Ojj-j» (_JX; Aj Jjbfv. (_Sjljjj ojljj 

ixl—j jl jjj 0 = r rad/s OjU ^lA^jlj opj— L, OA 

• X^ Jss«: 0 = r*° ^Ijl Aj Ij B Alai OPj-J 








f f& 


C-L5 U IjA Oii Jj^s- «-'W 

j4 A_LoU 4_5CjI 4j 4j>-jj L \LSyr- C->wlJ C~w< 4 j U 

Ojj-o A_J A—S ll—>1 AC (_S_)J Ji B J 0^_^j jjlj B lj 
C~e-j—* (^IaIjjIj i^^ kj jJ L (_gl<la>J 

.Xy~jyj AC «Jja*jLi j -*• j ft) 

usin T 0 


ucos 6 

(0 = - j (0 AC 


rcosO 


->\y 



J* OjZ~~j *z~>i o-w 

B S-^e- lj ?/\ ^_}l j OjI— i C— t -j " A <1 oS^>- jt 

oil—i .O — »l (_jl—*1*1J ji O—SjJ- <1 ijJatA J>- 

.JL.’jf 5 * —■>- ^ tj A5 cSwJ jlj 


A 



tS^^sjlJ-il jlalj «1 &_~jI jlja £_j>- y> a—< O-J aS ^ 
CftW ‘ a ^cy* 

Av re i = -o */ri + AV/ij km/h v_jl ^>- 



6-m <li—J£-& 


.A-dfr^ (jij-iJ jj-b jjX. ^ck- £>>■ 0“'W 

J (I) ,j\*—.j\j O*^— cS'jli lC ~ J a 

^jl jj ..> - U ^ sj>ct\^ C-^>- ji _ji j a iCX (^l<jjlj *_jU-i 

_p ^ C.-^" ^ v'ki (^l^i j^lAklij <da>J 

. J,j'«S y ~*j A 4 la a» y\jj^ ySsh^A j 0~*>l 


/I 

/ 1 



a-nr jsii 




f f? 


IJL-O « 0 — ^ 0 * ° t j 0 — ^ • ° jl <-&J 4^ I j / (1)U j 

.JL* 

0 = >*V^-sin0 -•/•YY'f rad/s ._jlj*- 
r = ./.v»\ s 



ji (0 c-»LJ jlj CM iJLjJ <, 0-HA* 

(0/1/i <^I<-Jjlj '—~ t 'J — #i ^ 3 

ji Ij Q-—; ..US’ Jz* 0 jl jyut 0 J-K O Ij Afl 

Ij 0 jljLi* .XjUj ^—- j j aij? i— jL —>• 0 ^ 0 ^ A*° tijX>%A 

*—> \»yjjA jlJ— i» i_i*aj AB (^l^jjlj C-fr j~* J <j\ji 

.Ju< lCw.1 0A 



c_,l_J (jl^jlj otj_-1 —> OB JL J ► 0-^0 

^UJi^J ji .jlj^. jli ji(D c = t> rad/s 
J^b j* J Jj BD *L* a J<ij\j ,c—I 9=\>° J 

.xJ yy> C Laij aj «J-i i-ijU- 

a = "VYo rad/s 2 CW ^1 j>- 



(_£jJ^*^olS" ^JjLwmO 5 


ji taJLj>i^ iS 0 -or 4 JLl^ ^ 0 — 

l ~- c 'j — 1 c CO y ^j-j ^I<_Lj1j id.%,.^1 oJ_o^b jl_ Jl) L_?x1jI 

j o'--; ^ Oii ^ i SjSj* J* C jbjLi £/7 

~j ^ .JLjl_w |» .»j — Lo° iS 0 is Lo° tijXj>^t ji Ij ca x 

.jLili^ ca = Y rad/s c_.C c-c-^ ,jljb A J y~ 



JSLi 


OjL-f- i«J —X oib jUj eJbjil _ <_&J (_$l y 0-M^* 
jLeii j3 C — X» C—-»l j C ~«—*—i J) I j d y ~.i •Xt-y* t V/\ 

*_» 0-\ 0 t _;J^J 4-L*_ • <J3J& jJili* jib jlj3 L (»xi ci 

. J—J.5~ o < 0 5;^ A * ° 03jX~>^ ji 0 jl yjj Oj 

jlj_L* j jl jl-Li* j jt—>j 0 C;—~>- jj Ij l>/\ 


jjbJL^ jl O <Ja: Jj-^ M c-U jjbJ^ 6-^ < W* 

'- r j b—- j jjl—j y— ^—■'•^ (Jjj j->_Fj\ s _^—ib 

JL /1.33 Jyt ^ 0 = \ • • (\ - COS0) rad/s 2 jU.jlj 
oJL? Uj «C—I 0 = r»° fS- ^U- B J3 jjSL- cJU jl CM 

<JU5 0 = ^ 0 • ° C 4lag) j 

j ^ j 0 jl ^ J J—* 9 IJ 0 (^l^ijlj 




f f V J 5 L— 



c^-j_- L, O c-U J_ oaa Jy- oa *4* 

*bL* iSJJ A jt^ \j* P = * /A Y3d/S C^jIj (_jI 4 jjI j 

OjL—j jj>** <J j>~ BD ^£jjl> jL*£ 'Jjj* J yt v —OA 
ai jJl->ia ji .C^—-I a J—i (.JlJS^a jljji B jl oJujj& 

J BD Jl4_ijlj ^LJi j °</* <n*° 

j 6i<_5 _>_}Lj <j C...... J Ij i4 <duj <_jUJi j c-frj-« 



aijJ_>K jJ Ij £jLjj 4 jjUtj —»5 4j) -LlS” IjU Ij G jliLl* 

.(jl^ .^ . j_u u»° < 0 <rv° 

k_jl^ 


8 , 



a-m <ui— jsLi. 


Ojl—jP 0-m ■a_LjL.—a tjjyi _ (_gljj 6—Y * • * 

jl J—S L .-bjjl c—^-b (i) = 0 = c^jIj ji 0 ' _ ->■ jt (o-Ui 

Oj j _a> *J Ij flA «—J^bJi 0-^ 0 <u<li _» (JiJlP jib 

j-i Ij ( I/l -}~£ <U-’L>v< 0 ^ 0 ^ ^ A • 0 aijd>v* ji 0 j! ^yulj 

(_£ljl <j *S AjS y yj jli^- Ij 0 J »iy»j l*—j ® v— > - 
tijj _:■»* ji Ij £j_Ub njjL_«j vJx_-bS" 4_j) _l_JS.L fl/\ = 0 jl 

.(jus u*°<0 <n*° 


u A =/-fusing 


VOAT 


-sin T 0 

(UOmax =Y*/ < \ m/s Jj> 0 = VY/r ° 


. .<jji a O < .1 aA> ji jbLbo jrjj 0—Y * ^ * 

jl y* j - - * ■ ! ^1^—C0 o-bi L aJL^Iju jjju j oAj* 

(_$!jli S. J £\ .XjS jljji ^.LS" JUI yy A l_9*>L S- jjji 

Oj^ *-> Ij $/0 C-_-J a-L-ib 0 cl^C ^lojlj 

<—ijlj .JLjLoJ »»J J 0 = \A *° J 0 = O 0 jl 

•-‘r 5 ’ js" $ = 0 ^ (i'^i 'j P 

$ _ Y COS 0 — ^ ( 

0 j — Y COS 0 









q (A<»ii .\iu)b^« ^ plai\ 1) pioqjfl&a >q3U a)bqi (sIaUaj\$& a5 )qhjL&A 

.Oi)5 \e>\$h )l)A (jUi))i i)(^4 (jiiiAj oi' )* ') «JA*> q auva 05>a 04^$ <i 5 04lA)qtim5 






<ujJLo 


4 ajl j jl 4 


c >4 

jj-U 4 


>- £jU- jl aS yUjy Crt -MjJ J 3 <- s V~r-' 

- iSlr-i L> c^Lo- -WjJ 6 J> -XSy ^ J>hy J c# 51 ^' 

,1 j—li; 3 jy> yLa ^.bo jiCi/- y b>J> y^ c^Jy jJ J-J jyl Ji lj Jajljj ^j.I y.-iyX 

•jy rs^y" •■ 3 

JJJ A^i-^ Aj SJ^s*A Jy £y aS" yji i/jU (jjj «X o'y^ ^ O'y y b (*— 5 r ‘ J~a» y' y jrt' <i 

aS ^Uj jJ aJS j O— I ^y jS y JaI— .OSy a>J— > ..JjX p-^l_y- yoy ^Ia;**^ oSy jly^ 0 >X 'y ' J XiL 

4 _>«jLsO j _i a jap ^lAlaa-jb JjIS abjl aS - y~>- jlyy .-Li XXy yyX xSy ji oSy f^ cSJJ 

.ib jly ^^—jy Jjy ^loOa oSy Ojy> aj Ij 0-1 0j\ii» ^yr jSy jl #Xji£ a>oL^ aj o. . ~> U Jjb oSy 

.j^y y ji \j —~La fl~p-l oSy jl <_/jj; ‘cSjb- Jbxl yl aS 0—1 jl^Lil 


Jlwlyyj 4xUku> (jly (jlXbLjJ 

4_«Jy Ji ^1 ijb Jj—>y oSy 4S ^b- y 4 4 >«i*s> y »ji «JC> oSy y-X ^ly 4 S (*-aljji t* J ji 

y_J jL-iS 4_bL*j» i_£ j Jy j 4ajtjLap y v_JLa ^>L«j>-I oSy t$ly -Xiljy ^j^ Jyj aLLa y OS"y>- jLj ^ly tO—I 

^ly lyl JjLjcj Lj jjLJLi’ aJjUj» ^j j jy aJjUji jj yjlyb; •XS’ yO lj ^*—Jr o'jj^ Oyi>j L C—-I 

.JLiLy ^j'il »_|> ■ .■ ■ > (^Ia^uL^ OS’y- 0«b j 

^yjx« Oilji j*I_wy lily lO-l 4_J—» j*— j>- OS'y jl ^jL—j oiylti aS’ JojIjj t J^ai ji 

**■ S'y (_£|^ LaaLO iyj .la...; jl jj j A13^ jl^3 A*a^ly» ijy* 1 >j1j ”1 J- 5 O^/jUa ,yl A? l>ul jl .XJ— 

{, J—ai yJUaA Aj Ij jSi a t”\ J~a3 AjJUa4 Oiljly Aj aS Jyiy A^jj yilybj iX 0*ly- oiliol yLa ^l-y'l (^Ia>«Xj? 

, y ^Iaj^jUa* OS’y cS'y 0 J~^ J j ^ a-jL^ j Op y oLjUj y JaLX jl JJ 0—1 .XjLJ A*arly» 

l_j 4 _jLJ ^JW. yyu' ^1 y y_UIy --S OjX lyj .iyX yib- J-J A«JUa4 Aj Ojjl— Ap^j 0;A Aj t Oi Js^b- ob> 

tJOjj j— yb- 4_&T jl J_*S ylylo .C—X —;j tjjLXS j jy Jyjal jl eili—I ilSL U.O Jyal jl oilil—I 

I •'s lo, Ul ..." Ljjl y j <C^~ y\ JaIS jjb Aj Ij . >L— OL—b»A aL*j>- jl i<J> yi tSjiLu- aS C—jI (_5jJ y 5 



i— Lo ftL—>1 i Xlwt ii _ ft ij~a3 f ZiY 


cSlrt ^ <5jl—l-b>- j^.l ..5j-i(y j j>*^ aS O-I ^yO-— L j»—>■ <5jl—l.x>- ^J—I 

i aS • <_$ly .J— AaIj^ AIJjS' jlSj yjj jU-A> Aj J—aS Jjjl y j c~ij£ j\Js ejli—l Jjyo J Ajljl oji t-SvO— 

4_J j/j/ 4 -» _ . “ 'jS aL -y <_$jl ^lj^- L JtU SjyA ft — Li ft—->- -bl; t. XVI ....fe ft-Oy* L i—>t— J j»y>- tjJajlJJ 

eXAJ jlU aS JUi <_$LajjJ *U —*jj jl jly y* Oj-i^ jlSj (Jjy\ - jlS Jy^»l a£— 1&A .ij-i y—*J ( _ y bijj 
cr-^~ e b g-c* ■*£ jljl -y iS^r <• (*■• »; •<’ iSjj y *5 c—I ^Uj^J jl jl 

■*jj ■ 5 y- i t y* Jjb of*? < 5 \yrj^ <JL*jjy L y 3 r^~’ J 4 f —r Jy j—*r jjjj -lU 

yjr—£ Lj £-tjy <-£ ft—=r jl ^Ia— 1 * 0 * 0—1 iJjjb < _$Iaj_j( j oSy>- aS l 5 JL*» ^*1—^-1 ciob— ^jy y 

'-ijy fy 1> —>b/ jU^ 4 j uO y>l .ft-;iL*j ^_/*-* lj C—<1 oSy- oJL*a y *y>s> aS t£jy aj O — J ^y* ^LO 

I- U-S A_S ,y»y-» iji’ -P l ^-'--' 1 Oa=^L. y.1 y ^yLly ‘ylyjJ JJL— J*- ^ly j 0-1 

£\r-^ ‘O jb jj j-* k J jr>- j* I <> jbi *£ ,yl—^ i^ly lj jlji^ j^l B O^-j-j .^ijb ^L-i^ ^yr <y*yi I oU-» a_— l>«-« 

Jrfdd 

J J^i—I A^ljj .0—1 O-Ui ftJiJ t Xi ^ olji «-SCo— . ji f J ~oi ji *£ L y^ u . OUjk L "V J-ai 

£yJn t^j^l J jli - Ja —<y lj Jil—• Ja- B Ji>y .-Lj-i^y ^y.y (^l<la>J ^lAjjlj j <o 

•^c# 4 J* 1 ^ 'j J C jSy j -bUJ^ 

l J* V J—** y. -p b tT^ 4 - J ai' ^ cjiW-Jj J er"'-"' (*^ A '^ 4 f 1 ^ j J 

( J i - <a9 y^tj—** l — 5 j • ";j 1 —^ 1 —; jl j—^ j—;! v —b/» ft ■,...>• (_^Ia>»a ^9 O %j>~ t-^-iLo— y J a l... * O j} j Jjlo J— 

Jjj— *->Jl^ ji < _ # _ir O-Ty- j O^Z—* yy>K t/^>- ‘OS' y>- £y A- A— jl c£> ji . JLi JLol y- 

.oi/ XAly- jly ^jy 


v-jIlw 3 * 3 ^J — A 


CA5*y> jlt ov^Uo^-r 

b ^.l—^ oil Oy^l -(^pjjl c—b (*yr ^ ftO—- ,^ly lj jjb^f J jy ^jb y ia.1 jj l-l J i-Y y 

: cT*i *J*ib wbo A— Ji <—J—» ft—->• cSj ,j\y O—>j 

2F = ma [i->] 

jSy 3 i«yb— ji m ^y ^' jJak~* »b- (_$_jl—• ft •.••■ > - y eJ— JL*^I jL>- 2F OjI y aS 0»<jI j^ j^iLi 

: t5**d (t -^ aJsjIj) ^y>- jSy» Jy>- aJjI*^ .J-iL^yi jl G ^y>- 

1M g = H g U-\] 






far 


J>\—»j y^> y\y ( 1 —sr <-& f>=r jfiy Jy yj^- ^Jjt> -*y)y C—I jl 

.XiL^ ^ _)S y Jy j*—=r 

ja yy v_»L<3 c5jj a£ y <_^ j O ~ w < tS^r pr^Lf* iSjJ^b ‘-^b’^*'-^ jl 

JjjS” jU- (^Iajj- 1 ( _ J x i _^jU- L .ala jl y lj jl JaU* ,jjy JjjS” j » J jb y b* 

<: b £~>b *1>T ^ ja j Uj^J jly^ ijb f>=r jPy y-^Jy iJjy ‘J^ L$jy - 

(_$j j~ j _ (Jjj^ y~~z ~ “ (b) O *.... '* .O—<1 j%— j>- aljl jJ j^jULi jl (s) O ,.* — ~ i .ala jlO *\— ^ ( J5w ( -S^S 

£.—^ Jajljj ,1a.,« jj aS^ lj aJL^L?- ( _ J $L*L ; a (Oljjl i^JSbi (c) .J^a^» (jlO G y o» o S ( J^e- J-ab^ (Sjy b b Jal*- 4 



(o) ( b) (c) 

t-\ JSLi 


^Laj j*. j jljja J Jbtil Oljil AjlS'lp- jjls aj a? J^a^« #jl>-l L* aj ^S bo ^j J! j aljl *^ y y y> c5jjl (*-* 

C S y- ki —>%j a «!al ja lj ^lij jj;l aS - l>*jl jl .^jjL»>* jlaU-tj j «ala jlo> ^yy" aj a yy JL*^I v- JL^ aj aS^ Ij 

•Zyj j*-a !y Jb i^*bj Ojj^a Aj Ij Jjji t5jjl (>-* ‘^jJ |*pb s ” j!£j v— « l . / » |*~ar (^lAa^jisjs 



^glajuJuo £*Sy oVoLu) 

(_$Ia^«jL^» <LS y cJl»- (^IjJ I j oJ-i 4Si£ ,_j~i Jajl jj Oj^l 

x-_y a_>uLj 9 ja 4_5T q. _ „ jI c—^ j^ - Jl—>■ ja t~JL« jv-~r ”1 — Y 

<L~s-j-^ ,^1 jla j oajj a k_jli«i (_$ljla G jS’jj* .ajla ^lAa»ulv<a OS’j?- 

z 0-0 Op- ja ja y» aS’ 0—1 a = a k (^lAjjlj «_jLJi. J (0 = CD k (^lAjjlj 
^jiL; c— $y *—jj a_^kp flr j to a jj* ja ja z Op- J_p- 

O-c-j jala pi ,.t.» j_^lj_; Ci = (b j (0 ^JI^_mjI (_^L_*aL»j jl ^v—jjljj^* (^jLj^* 

I»^jL»-> eaLiOil (_$lAjjlj <_>Lo j (_$lAjjlj 


f--r js^i 





Asxjuo y i —«.Lo ,ob—>1 v. 


- J-=»s 


jl ji 45" 0-i jL H 0 = 'Zfli xntjPj o4 j l-Aa 4b»lj y ^ |» : .....^ i^I^j J>>- cS^jlj 

jl o—-I OjL—c- G *—j o~—X ffi; o»p j— > JX> ^-. —> - .c—-I G *j o ....i nti <■» <_£l4jj*j cji o—Jj* jb p t 

J-J i_J_^P ^jb^ p ; Xp ; ^jy aL a U- .Jl—/), JOS’^ 4>uLtf jJ _j oJjj P; (0 jl jljliu 45" p, = (OXp i 

.joib^ // f; = Ep?m ; w = (dZpfnii y I^ H c jtji_i. ^1 .o _-I pfd) jl jlx_L. _j aijj o 0 -$jt jc-y 4jhui*9 

l —kjyu G jl eXj-iS” J y~ |V / (_f*y~ t_y(jh-* 4S O... ti jj J* P dm Ojj^tf 4 j ^JjuA jl Jp { y t lj 4P yj^iA 

•(•O Ij B C —yyr yy} <jb-» 

'.C~ij iAyy 0yS\ 

H C) = 1(0 


<^-'1 jj j j* Lr">i' •j'- 1 '* -> 4i ^ p—*r j' 


U- / jl ^ 45- 


9 4j £.—^ 4Jajlj ^y-i. jj b . t . jT 4 J jU^o j^jl>- ^1 b .C. - 11 I G jl »X z jy** J y~ ^yr (^b— ^jy j^ (_y»ib 

"^Lf* J a XJ 


ZAf o = H 0 =Id) = la 
:J ^y , Lf 4 y o^r cr*i os - ^ 


>- (^l-u jl j L_jLi a = ft) jl 4 ^ 


ZF = ma 
XM G =la 


(V\> 


4_bbo "\— \ Ja_jljj . p i (_^l49»i^ £*£y- ji « —1 . ^> J, >- ji £*Sy- oViljc* "V— \ Jajljj 

.iJ-^y j^ y 1 ^31SL-I 4 Jl} y ji b r -0 b J tl-t t X-y Ol.,fl~>L< jl A^liol b jOi 2jy 4.1 »—a lUj 4j j y lSj^jJ 


£** cr>9j 


y 



*->. p^ ' — 4 4Jil*^. jjjjl c—x ,j\y 

.JL^S^ tC* .4*1 oJLi 0^1^ "1*“^ Mi oji {£JJ ^ 

£y jl y *£ C—-I PiCC j pi()} y-j 0^>b*j»- j fl (_$jtajj lSj^* 4 L—>b*i 

(^b»j y JX I j> i<>wj ,C _xl oJLi 4 li ^Jaj 4 la a i jl jiP 4 j G ^ y 

.0—1 oJLi o^b jLO ^UilJxl y miPiCC j miPiti? i m t a t 5lA4i3 y ^jb m, y 
: jl O—-I OjLp CL O^J»- y G J y- jy ,_$Ia 4ilj4 ^1 ^ysy* 

M g . = mipfa + (m, a sin 0k - (m,flCOS /3 )jv, 


f--r JSbi 






f&Cb oS - y oV^U-o 


<_sLa jJLJoI y G J y—>- UjjU-ii’ ^1 j ^jb *yj f^ jjbLS’ <j\y. (.yfcb—• ^'j 

.iy JUl y- yj *■> Olji aJS^ <SJJ ji c3 jL? 

SM q = Sm, p 2 a + a sin /? Em,*,- -acosfi Em, y ( - 

jjl^lo . 2 m, 7 i = my = 0 j 'Lm l x i =mx = 0 *>wS ^ j -ci/ jly ^ />• j 3 oU^ 1-0 U 

.OjI^ jJ yj Ojj-9 Aj JJ Oj^*A LjjLiS’ 

EM 6 . = Em,p 2 a = 7 a 

olji J*jJI ( _ r ^ j J*p j c£jb— cSUj^ l^ij .0—1 (*—5T- ZM a (*-$— oJI 

jl h—ii aS - c -I ^y £ y> Jy bjjLi^ oLS ^ .-Ujl— y Jy lj j£jJSL>_ tjjb«* 

ntipiQ? <Jjy y> aS - j*j jb a >-y .JGloJLi ob jL— jljf j J* J (*-~^ cS-JJ y. e - L “’ 

.O-ib JUl yi G ^ y £ y> J y jj\sj£ aJjjIa* y £y\ gJ> 0) <_$Iaj_jI_) Op J— A>vl jJ .ijl-li G J_p- { Jjj\z^£ £yA 
"\— i ( J£— jJ A— l aIijIj H_£|aj>«jL^ C*£y ji y . \ .- s > f~y t-& C*£y y> L— I 0*ibl*^ jl 

ijJ-Aj A - * y iSj <j\y V^ JSLi C J a jl ^Ja. ji aS' JjloOi Dili jLO ij\<A~~*y Oj_jA> Aj 

<u~ y .y>y^y jA lb 05"oViU. O— jJ a5" 0-1 j \Ajy «Xaj jLO oljl A^-y .OJiL^ 

aLjIj c -lj Oa— ji *& * Jjfti c y 4 jt— la ^1 jji *ly j ma ^li^l a1*j>- 9 - y Ij -ol y Lj 

■>yy 



j w-/ t jc-y ^Ua_aJ ja ja—jl l— y \ ^>-ol^z -j «_jUOI jl Jaj ma ^bil *ly ,oi ejLil ^L» <£j\y 

JJL— J^- jj j ^Ia^J^ OS’i_SLo— tS"ja ^b-l J^ 1 j 3 ®* A *i cSjj' f*-* ■^*lj>- ob; r -0 L 

.JLi J-aI y>* oiliw*»l JW*,/ 4 

Li ilji <»■>_-y jl e.oi j-—*j jjb—tS’ _j jc $y}y. J' ^ la j ma l-r LLi 

• j*j j— L^l ^yt+0 ^LaOjI^j 

)$Ll£*S oVitxo jl 

^ P oljsJi aLaJ i£j ,j\y Ij jjLil’ Lf lS aJjL* tOlji pjo— ij_y« ji l jl l-t ji 

:jl iy OjLp aS" a!jIa< 

ZM P =H C +pxma [l-W] 


jLJJ j j-A *>l —J aS j jlaiU a .o— I ^y jS y> <_jbX a j G ^y £ ja U P o—i y j\sji p jl aS 

X.jAj.pxm* ‘-r’jXy««A -XiU^,* H 0 t(_sl4j>*jL*> oS»-Sb <^1 |*j.ib 

j iljl ^Ua^.- j L- VO JSLi Ji aS ^ x*j Jj p—>■ ,^1 Jj ^1^Lj .o-t ma d yu P aIoZ Jy ma jjLlf jlXi* 
:o«i jj ji_j o jj~t> <j jl yy lj £-11 Jajlj . 0—1 *xi *jb jliJ ^I^^Sxx— 


F] (_jl Ajj~) i£^-jA jl^lf- Aj P j . 


a L—jL 0^>- j2 o^L*^- ^Lj Jli* ^1 




ji P l y —^i^.y J| Jr'•*' gbUj ^j^xA «_jL>«—I L | *xS IJ F 3 j F 2 Jli* jl _yS- Aj |V..T.—b JUai ^?1 

A_k<lj .xo £ y Jjl** ji y~* Of> jj P J_p- ma j oi^S^ ^1 J» ma jb y <—»^1* 

jjloiS ,_5jl——* P Jy U jjA aJS ( j\>jj\ilS £yy ^jl *y Jl^ J ^y UjjliJLS J^»l li y VY 

.iyy jL> ZF — ma Xul^j <Sjj? J C ~ XjI^j JjjS Ja— jj J X—L^y* P J y l^jl XjI j) 
:o—1 yy *S i-lf aJsU* y*j ^Joa P J y y aW j iSj i-i y 


ZM P =(H P ) rel +pxma,, [i-'Y] 

—>*—1 j* — =r (Jjj j>, o^li *ioij \JL jl ys- aj P £\ t v _ .. l .^T ^\a>Ju0 OS ’y <j\ji 


a J oiy P jl oXJjJl 


,_y-—^rdI *S //>ot ^jI^j (h p ) rel ^JlSl—I JSbi 

:Oiji Jjj J5bi Aj o\yy Ij Jajlj jjl^b; .0-1 (^lAjjlj 


ZMp = 1 P a +pxma P 


^y £y <> P Aiai> tO—I p — 0 y»j .xiL^ p ^1^ GUP j »*jt a P ^jI^j P >_jbi jl ji aS 

; 0 ~—I ap =0 a_S ^j-aJja .0*1 o—x ^>Lj aS jj^l^* a— 9^K>- Z M (! — loc j)l£— I J^-i aj "\—Y* Jajlj j *xi j-lai* G 





f AY W 


j U.l j j c-l J— 1 * (j*—^ • jO^ L) j*—?- *j J » 3 jj C-uli ^“J^} J ' 5 ^ •**■" O <Jai> jL> P <*Jai> 

.JJ £^yt A—bL“ jlj <SJJJ*0 Aj jJI^—I Aj ^ 

(g* 7 =/g) cvt) 

oJj_; jl £. to—I »JLi OjU j——►- ajaSO —Li jjJj aLL .-£j J j>- *—-L* |*-~sr O'jji *1*1 j 

.JLiL^ L—V aIsjIj (_$JL*-i ji aJLi oil— oJl>- j Jj—^ 

JlJLo 3 JlJLo j*£ CaS y> 

"\—"\3 -' jLjl* .xS^ |*-5 U a>uL» ji a 5* ^y^lj .JLiU j JL. L J Lil* o .j! l j&~*A — !• <> !» —> • o>£j>- 

y —Li aj 1 >jj y a y j fix aJAja ji . 3 jlJG *yrj j>~ iS^y. iji.*j-^-* ^a a£ o—I jJU jS- cS y>~ jl ^lAlj^J 

.ijjl O—-L. jl < ySl — • jjb Aj "l—^ Jailjj jl oiU—I U CfljA^f 4 lj (X j c-jb-i j ^y>y 



(a) ±X jjicJ> (6) j-iAtJy 

r-f'JSLi' 


tO 1 ! ^Lj—I jJ J <£* j—*> t$l—0*1 j O' J> *S o—l JLi. o£ y>~ 1 Sj j&ULI 1-1b JSLi aJL« o^Js jl 

pV i ( _ # SLo_— J>- jl JJ j\j*j>. 'j 01 iSWj'j v'"'’ J f 'jPr fij* ‘-r''~^ Crt 

jj L .i£ j jj*J> oYiL *a I—. Ij Lj_)l { j^-a J oi jO sili—I '£_) aA ® J"® 3 J 15 L? £jl -0— Jaj'jj e*' jl C—-I 

j joViLjw A_$Ol jl J-J iJLjjli o jj'jj jj (^La-Ls JJL— S/jaaa ,^£ ^*£j> 

j J_>—t-S’ji ^ o—l JJi j~+a aj j\j»ji (j\Ajj\j —.Li j Joa- —Li ^ t5 '<^>)j oL J>- 'j jjLii 1 

' ty’ 1 ^ ^ -> J ts’y 0 J* - ®* 

Ja—ljj L. Lj—.1 OLS"^>- < <SjJ^ J # “L ^.j 3 “a ^A Aj |t—>* X>- L ji jl aS" ^yO -~— L 

.j—LI J-Lj j Ajj>tj L^J O j j—J 4j lj aS" O— I — — I— tij—^ I»jj^ I^A Aj ^SLLO— 

jl^_s jl_9“ (_£lAj jjJ j*^ jJ j oJLi V jj j£j_jSi>_ Aj A aLaj jJ a£ -LAJ^ jL— I j < J—? j*—>• Ji "\—V ( J^-i 

JLOI^j .JjloJUL) oil J oil) jji'j^L . Jj j— i^jy^AxA (_$lAj j*i ijO—— tS^ji A JLjjI ji Sjs^ja ^Iaj j~i .Xi\az± ^ 












x5> JS ?-Y jJu 


( jibd'“d .Jjta jLX Jjj—* t5wl»V ^dj-~j J j b C#^~*i J-' ,a4 iji' ‘t'^'**’ - fjpr - Jji> J** J j 

■ij^Lf* *^°y 0 J- 34 JJr 

lj u-lj OUals^* el&XO .JL^ ^j J^IS' j_ji» <J I j p—>" iljl y 4 - - -; -' > - a> .Ia*-*s«» ji -Y 

^jjl j, * tS 3 j-i ^IX<j xL jJ *-^~“ j .J-jUj ^yA>J~» lj J j&y j {jb* ( ^Uc-~*S’ ^l*J j 

.XftJ jLX ^yJ>j <j Xuil^; j«lj J ®X«i JUkPl jc! 

£_^-^ (_^l ftj_j>«^ I—; Ja-j {Sjr'T b J ‘3 j*-i e.iUi—1 ^ Xa>lj j>- 4—< jl ,iZ*£j>" x/ilal** —Y* 

jl J^\->- ^LX -Jj-j jLSo T-^ Aa_(I jj jl ^U- jljj^/* b "^ - Y b ^-Y ^b J b*jl ^jl^jL- «Xi <_jL^J 

jl Jx—« oViU. jlxJ L L^T fjj ,Ijl j «JjX b UJj 4 >~. ilxJ .J^S ^jy b jb> JX>X 

jl<X J ^-—-' ->* ubri ‘t-^’ (*—^ *-^d xX^ j 5 Jo- Jd^ 4 “bx-> '-& t$bd --bj- 1 Lr^ 34 f* 

.X ( _5r-*' vxL-i O^laU* jl _^l£~*l AiJ y ji j "V-^ JajljJ j' J-’b- iX£^>- *JjU* j\ 4$ i ^ l _ r a>^L» 


- j ^'Oj-* 'cfj&l ij*i o^~° J* ^S’- *jy J j ^b 4 ^ oT^ 




jussi ^-r 

.C_-I «JLi «jb jUj 0-\b j 0-\a (^UJ5Li j 0-^ _,j (jl*>J^> <s£ y>~ jS p-~>- Jli-I 

jj .XI < ^jSL 3y>~ aJjI C->«ij> Oljj^ 8 jb* - * |»-~•>■ y ^J j* Xi oXalXo jjjj* jJ 

...a XUu < b x ll JliXI ji *S ji .X^y* y>- ilxul ji i>lX Ja>Jl p -.i L ...^ JUil 

jjjl^Lx , xx— ft jjws a j^a j (a ^ <>«X ja j *xilx ^yljj^ (v—^r cJU- ji ji ^Je> b ^1—5^ 

.33 £^ OX v_JLsi» (,—>■ C$1 ^ ^->i' jU^ 4 j ^>>-j J1-> jjlxlf <kab j' 



*-A J5Li 


jjj 4j jl \j V\ -J-ibw OS' j>- jJ oVil*« jJ ^I^Lj 


£F = Ima 

m G =7a = 0 
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4_J.il*^ jj «_jl_>»Iil >—j! ~ — ■si-'——I _p JC jj—^* 1 A-Aa o-Li oita <jLL> Ja>JI Jl£jl (_^l jj 

n-t oUon j! A VAb JSo iJasJI Jliit ^1^ ZF y = ma y = 0 j XF x = ma x oj_^> -u ^Jl£—I 

.0-1 ZM a = ChoiU- jj y» jj ~»Ay =wifl, j ZF J( = wia„ ^l£-l -JjLw j 1 4( »-UJ e :>Uol 

(* :* '■ ■■■■-’* cSb”? (Ac- ^ r-* 1 * * •* ■: ■* • •'y <> ^S“Lf* ^J VY 4 *MJ 

b 4 j'- J r l 0-^' <*t—y ■k-’JI ( _ 5 -oo> Jli&l ^1 ^ .o-l EM A =0 j EM P = morf <(5" iJas^JI 

Odbi^ - *? « = m(l t d/j o-f>- ji j EM 4 =ma n d A j*-— ±j^> a^ ipI— 04 ^- ji *& _uo ^ 

\£j$jj\z*i£ £ja w->Uwl 





f9\ jifcii t-r 


9* — ^ AJUuwwO 



j oJj—<J C*£y- 4j JjSw cJb- jl \ 0 • • kg <U (^jLiCjIj 

aJLaU jl j-j j *^L» L> -^—0^ -^-- i Ij ^leiL>- jl 

c_.br 4_. oijl_, &J-* ^ .J— Jl/ * o • km/h ^Iip"V* m 

I j i_—ip ti”j—>v« ^ <o jlj uS'lS^k^»l j t-_4P j _>br cSLa^-^T 

j b ■ jj »/A j_»l jlJ->- oibr j IajjU l y> yy i_S3^h.,f>l v • J C S* ICj 


_il oC. ^S3 


(X L lj cJlj jl^,y j^l .c-l ji/ J.15 cJlj J* fj *-L -twli. ^ (*c^,y : J^ 

C-jIj b Ja>Jl ^J cl ^a ^JLiul ^z*£j>- *S ^jL** <u**i 

. : .ir. M 

2(60) 


[t> ! =2as] 


1.608 m/s 2 



l fjy^> *N 2 jNt i£>j-+e- «J-L-S - Ojj_a <o CJIj aljl w-jl 

ji l* lj W <l)jj j \Sy%A <—>%>■ C~$>- jJ F i_£t!N]a*?l 

:L_> _l_i^jI^j Ojj ^Iaa_ 4Jy 0 = tan — =©/V^° ^k ji l> jULi 

j WCOS0 = U**(VA^)cosO/W° = M/1tO» r )N 
. Wsin0 = ^••(UM)sinOAM° = Uli N 
j f>r j^ 4 j' Obib b 

:l» C_l y)y jjijlJi* j C_ 1 d)l ^ 1.11*1 jj 


ma = 1500(1.608) = 2410 N 

ipjjli J4_< (_$l "\ — ^ -kljj jl \Z*S y- <bl** 4_ jt olb. J b 

[ ZF x =ma x ] F- 1464 = 2410 F = 3880 N v l_^ © 

[SF V = ma y =0] N t +N 2 - 14.64(10 3 ) = 0 (a) 

[ZM Ci = la = 0] 1.5A/, + 3880(0.6)-A/ 2 (1.5) = 0 (b) 


ji'Si-Z- 
‘ N, 


Ni = 6550 N 

YAA* 


:C_ib ^y\y- (b) j (a) jUj^A Jj>- Li 

a/ 2 = bioon 


- = «/YA <S\S^z^s\ _(JSi-A?- XAA* N (_S”l53a-A»1 i£j<S^ji 

cj ^jjl^ jLc .XjL_*J !j F o-Li jIjLL. Li jl u _a. yj ojljjl <u */A t5"l^k<9l 




oJUl C— 






L ! j' ^yy N 2 jNiaS ^zSy -db-*>u j iSjj jl .j&a J>- olj 

.JJjI J-j B j A i3y~ jjh.t.jf oVal*^ 


\LM A = mad] 

3N 2 - 1.5(14.64)(10 3 ) - 0.6(1464) = 2410(0.6) 



N 2 = 8100 N v l 

O 

[ZA/ B = mad] 

14.64(10 3 )(1.5) - 1464(0.6) - 3 N, = 2410(0.6) 



/V, = 6550 N (^ 



JuAo ol5L> 

i^jtuAi 4j ./lAyfji (jl<Vjl; t^jhw tfiyji <l J (^b> / y(uijf'<tf / \, iJaJ'_/ tbl (_foy. jM* ‘(_)by9 (yj (J?H 

'/juiUfjA J m/s /jJ/j I **/~i lcm/h ^yubiy <tiw!y ybli <0 

yl yL*f JtShjel i^Uyb yrf .jVyl/J (jby*) <-?yUI y) 0 (JJlfi) o)li lyjj .fu(f ayliuv) fa/I y) F =B N <-rf(hU>\ <0)Uu yl <if ■> yfC-*$ ) JjJj 
• N\ yl J->)% CJyLt- i^iUyfX o d^Jta (jjl y) ,/MJyJ I/1»A m/s t^Jjjb <t/ ISM ullpyj (Jmyl J tZAwf'fji fi N 2 y/Jy/ I JlJjwl (JfyZ ‘)9>(jl •/£/ 

■ a 9 N 2 

Ltl (.lAjul (Jyluil IbyflZuif'g&A (jl/J. C^jSjt 0-14 -H) (J* CWjU (Jj*UU tAjJUyj yl (S^uly (_?//> J ^Uli )lyf djUMJyj yl i) )LlU t-f yb 

.^ijfyf'C ma B (Jy 4 Ml! yj (JfyZ yffcZf'_$lyi ly pyfirlu/ .iilmJs (jjl y ) .yjtiU (jlmSj 4))Uu> <J>yb 9 ) (jlyj yjjj 


9 -X 4 j$jc>j <U Lu+ o 

j\j-a **ry? Ja—j jl G fj>r £ja j \ 0> kg jAji AB ^15 <>■ jZ 

J* dj£-~> cJL?- j! jj-^-Li (5l<— »y>r </ (Jj\j* ‘ScJ ja )a~,y {ji) .ijli 

4 j <.$yZy ajlj C ji (_^>J <j aS M = 0 kN.m jjk.t.? L 0 = o 

j* & <Jj j?-* j ^ y. * j oj (jloj jl j 0 j ^ 

. JU* IJLj tC—.1 0 =r.° *s i yiy\jDB cSoJ 


C~SJ>- J> ,x £jljjJ OS’O ;-jZ iyZ \yj .c^,l iapjl jZ zSj>- :J>- 

Lj ^1 ,^1^ oUaXs^ *S oiliL-l t j n oUai>^» jl G £ ja O 

j 1LM (• =0 jl jj 4_S” J—Ay z. — 1 -L 1 AC |i—iljl <■».» — -i y jl i4 j3 jjt- 1 Ai i j— -iL*^ 4 _a!j* (I ^ y- jl (jjjS” 

4_>- aljl w-^ ^ «a jl J j^ US' .JLiL^ l51J alJi.1 ja B ja .JLiL^ y4, = -M= = — = r/rr kN 0 

y4C V 6 

.Ajle-L^p l j r aZ*~~t ^il^xl^t ja . . ■ > • y m& ■^Ijj j^> <-*-—■ y j* J -^jl«J-i ®^b jLU 

0 Y*» ja tnr (0 jl —V . < b o Owj ja j w al*Az^l ja lajj*) 4 j 5 j ^ 4 ^jI <u <>jj L ^ I • • -■ ^ J> t.. y 

^1 jl * —; t alJi«l ja Uj^ ^*a»- U ^^Xwlj ^1 .ajla 0 U OC = 0 j^JZ -u w jlJi» .a 4 ajla 

: P^Lf* *1 a t — )/\ = a jl ja a S y yuZ,L> 9 jloi* 






f?r jtei 


[sf, =ma,] 3.33-0.15 (9.81) cos0 = 0.15 (1.5a) 

a= 14.81-6.54 cos0 rad/s 2 <-j\yr 

* _k)lj jl Ul£J (O y $ jl l# *jU <- — —>■ Ji cc Oijj jLw L> 

<Lwol>fcA JjU j 

[(yrf<w = arf0] J” (oda) = J^(l 4.81 -6.54cos 0)dB 

a? = 29.6 0- 13.08 sin0 



4 


:d = r>° jl 


(<w 2 ) 30 » =8.97 (rad/s) 2 <i 30 „ =9.15 rad/s 2 


mw 2 =0.15 (1.5)(8.97) = 2.02 kN 
mra =0.15 (1.5)(9.15) = 2.06 kN 

ji *S iy\ C -Jj /4 J j->- <_$ o\yy 'j B 

Jj_s- Lj J-b y i-i-is- iy- «u iy- Ojj ^Sjy j A, j A„ Cjjy*±\ 

mra j A„ o jy> y \ y *£ mra jA„jy y\ ^e>\£ <dai 

£y O'<u A jl oiliiJ U .Jjyy 

[SM A = ] 1.8 cos30° 5 = 2.02 (1.2) cos30° + 2.06 (0.6) 

5 = 2.14 kN ^l^r 

j B {&\Jb L G Jy jl U n alX>l y Uj y jl Xi\yyA„ <iiy 

.Jill o—X mra y\ 


J uix olSu 

gyjjy 4lEuv« (jjJ j) ./jyb <&/'/&! ,) )fy iily pl/Ztl // (jj4X ^Lixu;/ O 1 £?/-« (_y//v "Djkljw O 

/4dX' C yu // J i y j (^Z (jt&spu, v’to'Z 

(J)Lsj cu!U ,) ye- Uf jJjU BD i jZ) (jjJ/jOj ./Swj» Jj (Jytju <u)})Lxj> 0 fy 0 yy tfljj /9 bjj' ? 9/ J 0 

■/Jy (J*e 









ffik JsL- *-V 


K~,m >%j T* kg ^ j>- 4j OB <Ju* VA 

J O j-i la . «jj jbv^ll—^15 <{ C. «■».. * > t'* 0 

_ 63 1 i_ ^Li .C> «*>1 aU—Jw jig_4 /\ ^LjIp 

j x ^U-uJ y> J Szli. j,F a iXiL a = Y • m/s 2 
.J^S <u^l>v« Ij 0 j-3 £»\j Ja-»y <Ojl j ijjJ*j y 



y~k <LLm^ J5m> 


Vi-** jl O^— 

lL^-Lj 4*S J_J/L j JjL>- ci oJjjJ* xS s_^Lz_Jt ,xS^ y*J* ^ * ° 

c J>r jS> J y~ J>£jj 

•o-l G j 3 J Jj~> 

a = >/0\ • g ^\y. 



f-l <11— JSLi 


<SJJ j—i J^—- ^iJ-i ‘'- 4 * 

lj Cl «JGj—J- _l jf <—->ll —J * .C — -I <L_zi j£ jl j s i _ r L-*^jjl ^JjUwstf 

cT®j-* *j *4* <£ Osi" 

.0^1 ( _ f ilS’ (jijiJ jl <sj£J*r tj\ji B jj iS\£b~a\ x^S 



a 


?-? <ll..o JSLi 


oj_i «jb jl—lj —U £\r^ "^ — V 

oJ_»L-i-« “ij* *»—«*l••Ab *j j_j£— oJb- jj *5" 

V^—* 1 J **J l r^-rV *i V** 

jAy. at*j J '•7 J * a* l - s ’ l$ ^ 1 Vi'-r® tf* 

b *i JJ a k r’^ Bk= '/° j Ms = */ v 


a • kg jl 4_< J—oi* *—S »lj —*a ojjr^ Crz** 

o*^ *-* ^ - J J lj JJ G J j j> {Sr Jj* j o-l 
* —i Jl**l U<1 —j ^ ,j\oJjjjjbr ijjji> gp* Ojjr^ 

•C-l P = O 4&J> 

a = i/U m/s 2 ^l»>- 



^-Y <11—JSji 






^1 jli o j . t o l -~ j AB 

A j*F ^L3 4-j A-Jblj] j *Sy G {Sr J kg ojj 
2 J>Zs\*m C*^>- !j jjb A JJ .C—»l o*Li 'V j} 

ci <-£j—\p 4—j v ->li Si TTo N.mm 

jl-L-* j oJLJi lj—>■ pjs jl B ji UjU^Jl jl ^Ijl <j <5^ lj ^>13 

.JL^ ( JO ** J>" ^da3 ^£jjl£]| 

fl = VY/T m/s 2 ^j\ y 



y-\r < 11 — jSLi 


x = b siruot *^\j jJ> »xi «jb jLU <L-^ V\t 
c-jLJ (0 j b <_kjlj Cr*'j><S J*s£ ob-^> J>3l ^l-&*l ji 
^yuL-j y jl A <jaxj ji lj 7 . JJJLw-A 

AP 4—L- ^*T • ■blS' J ot*j jl 




Asxjue 9 f LyJ>l 


c-*>-lji^j t-^jijL 4-lu^ j *\ kg ^ j?? <j AC \ _jL5 *\— \ * 

<JL* *\J1 a\ ji ^j*>-U u?l^Ja-u»l L / JJ i kg ^y>~ 4 j AB 

Jj T .zyly A* N tfjjJ J\ <Oi& J&\ 

o—a ^y b y. a jb iSj^y j* y j BC ^ 

.iyy ^U«jl J*jl3 <>\ju 0 ji CSy .J^S ty Ui4 A ji £i\j 



GjiHO. kg fjy 4_J ^jA f ^- jS>VU 
c—i>- _> ojL>- ,^-jj A/b _j A/a .c~J «xi 

j*-w jSl—« V—jlx-i Ja^l ^ vI^>J I J yks- J _jJL>* ^ 

Jir'b'* ^ jli* f>=r -4r^ 

1-^_j »iU>- ^ i-?Kk^l .Q-wl 


.XiL^ */A ^jl^j 

A/a = ”VA0 kN j N b = VTt kN 



?-\ 1 <Ui—JSLi 


6^.3 lP^***® 

•oj— j 1* kg ijy> t O^-I j&j <dL» VU 

jj \~o^a J *“*■'*' ^4 aIjui jJ Oilj C-Jj ji j 

L» jj/Z .—• oJI —>• jl v^Jl j y .SyZy <cJ.iJL^j C 

la. .*jj ‘~S yjjyJi JS i»bl*j OS ’y K> y 0 m/s 2 

.XjS ^LwjL?^* I j iyjyt A ji JLsdjl 










??V JSL- 


800 N 



JSLi. 


j i * * mm j-l_nijl <; (_ 5 l*Ajl_y—l *\—W 

JLSljl J_»l il JL_1«I jJ Op>u <JUj <■»... .< Ja—_ji Y 6 • mm jki 

<i_lajlj (J .lo j i 4_JUj 4^ — ~J OP j .« .XjI — 

s _ _ j-, jbj t jl jj ^ job ^Ijil1> = VY+*/^f T m/s 

4_£ lj t jl—j tJL—lj OP j-~i ( _ r Ljljsl i 4 la>J jl 4_jli 

—Oi£ i— A ■■.->• ijlj-* J ji l*4jl^ol 

L»4jljl_—I j—*J jl £jl—« 4jli! (_5jj pJ«— 4... 0 J ^La*L*_J 



p- 1Y <!£*— JSLi 



\ f 4Lwo 


SxS'VU 

j£ coUl—*4 jlj ^ j o-Lt jljijl JjlS^ 

J_ji 1 A J J jSL«- CJL^>- jl 0-Lt dili jUtJ 0. ^ 0 y» j2 oJlS 

L-* j jl ( j ~—j 4_Ltfli!>\j lj Jits’ j a ji ewul ^Jjl 

lj 0) JiUS’ OC (^l^-i^lj v—^U—*£ j oi j..a.j <+„*[>%* jJ-Jj 

.Xjjl CwiJj 

7]* = Y H N jT^irvN v l^r 

a= Y/to rad/s 2 



100 kg 5 C 

f- 1 6 < lS»a 


"V• kg l_P_j^>«4 jl 4—; J_*al4 4_ La j A 4jdai *\— \*\ 

jj C—S'^7- 4_< Oil A* • N _I j*5L Os*j j 41—b ^ y>r 

^Ijb o.-y-lj^o ^^iil 4JL« .JLoa V° jlJOi ^UiaIj j!o»I 
.0—1 »J-i »ib <*115 4 j B <klj ji j eijj Y • kg ^ 
jjl_j 4 JL* jj B <&Aj jj ■I®* - jj 4^ lj A/ ^JOp- jjLOI' 

j la'.9 j^jI— 5 Loklj ^rla .» ^ 15sla..^>I ,J*j S i— L_>. 

.0-1 ji / 











f?\ JSL- 


ips $■*>?«• 'ft; f* 


j-J/LU-kg fj-sr -4 jLcJIj VYO 

j_j_j>- Jl—jj <j lj Gr j5j* b j ^ • • kg i-S’Jj 4 G> ^>- 

oXjlj .^XOj^ 1 • 4_.■>.*» jl 0-Ljj ^»jl^^« Jl>- .XLS*^e 

jl Ij J^j -- j <-x>MXl jLS" *-> lj ^Lfcj-jJ c-Jlj 

jj |J JL»LS’ U • m -lLoU ji 1A km/h <y M km/h 

,_j£x D JU*;l ^ ejjlj <_$ j<_sU<iJ y i^Sy jl <*j> ^jl 

J-A j ->j Je>\-SlA |*jt5 .J ~S 4_jl 9~ Ij klJlj 4j 

L-*CA cr-^-rT P 1 j* • a * L * b c J 5 j> ^~**r 

.JuS jlkj j~0 

D x = r* V N _j D v = \UV N ^. 1 yr 

N b = M' N j /V c = V11. N 


pjlj jj 4«-Li ejb jLij <_$jl<_$X^ y\ 1-YY' 

4 h<i jJ {jjj ^ A kg <J EF (X>-ljl£j <JL^ el^«Jk <o 
«jb jl—b) .xsSy c—S^>- I e J_i yy E 

jljjJ iL~C-[j j cXi oJjlj jl j»j i45 i-5xl <o (eXD 

‘-*—«—< ^ ^ o^>- jj jl 

^I^jjI j c-e-j—- _j “\ rad/s 2 ^l-x jlj 4 _jLx 1 ^1 jb LjuJxJ 
*-S Ij M jjh_JL^ j F y m s li< <dis>J ^1 jj .x-il^ V rad/s 
.X^ v-jLj*- E jJ Ja—y 

F = VA/r N j M = YA/V N.m CCW 4^1^ 
ox .jt» jija. h--1200 mm- 


m m? -..j; 




iSjJ ‘■Zj—'i.f* aS i 3 J 1 < ' - * A 

9 * _ ij\j c—"j j yy gu .Xj^ j_ji u <^s-y L r ^U-i <i 

J k— 1 *-y7 <ja '-S’lS^a-ol '-ris* - J j' a j'y J»-' J 'X«— V 

(_jljl 4j ^?wJ 4j_jlj (‘—ill) >7 —jI > ;jlla^ . O ..vl /I «il>- 

jJ_~i j^S"jl_j Lj _}l (Jj~Sj-^r ^-~&>r V j* 

W J’j-^ <j\j-! V C-Pj—- J$\^ (i-j) j 

*-£ J-~ S 4 >• y .9 f JjV jljli* (_£ljl 4j J;-*jjl £_j5 _jJI t-f-ij* 

j\j—> 'j 4_>xJU4> ji 4_]ff yj» (_$LAk_jll—i 4j 0ij\j 

yj 3y^S- iljlijl <£jl Jl-y ip lj -di_4 Jjl IjJ ,Xjlj 

j3 cSy ilj C*S y jl y^y tC—I 



JL-. j^J J> * — < to kg f ^r O PD vn 
l£jJ C-? y>- ^JlS *>Ju0 j oXi CD j AB 

A J^A oJM=Ym N.m jjlt-iJ jaM-j C^J ^li 

Lj l_jl lSw j-Jb j$\ ,vl« .*>1 <13^? jlji JL^l 

^ySjl o«j<j ja jl (o = o rad/s ^L^l j 
lj XJ?^ ijlj * la>J jI ji 4— D <1xftj <j VU <? 
j—il lj Lau&J (jl^-ijlj ^LX .x x? ^L~>- 



jl o^Iai-^I Lj oXi* oL jUL ^jl^X j ^^>1 *\—T^ 

j?— <j A j£*+i jl Laa-a^» JIaiiI ^1^ ^?JjjXnA ^j^l5\-4 

I_ j 0 = o j| JL-JLl>I 


t Ol XLj O-S 


_j0=0 o = ^/r rad 

■ 0 = 7 ('- cos t) 


jl y—t ji (<—iJO t j D <kij j3 ^yj y » JjIj {Jjy .C—>1 

<J { y*iy‘ J XI.. — > ji~o ">U^ t j 9 *S <l£y £jy 
^ t ’.j •J~S’ ^j—*j iC—»l t = \ S 

UuSoJ jl ^1JS’ ^y .C—<1 G j3 L^jl jS J* J »3y Y • • kg 

.J^ y> jl jl jl y^y j »3y jj^-li 

(cJI)D= WU N J ( V )D= YIVAN v lyr 


P 4 Ur. _,i 4 _ilaljl JS L-i L ^ijL_; 4-L. VYV 

«J— a J_oxi^ tXS’jy* £*Sy < _ # i»l 4 JL 4 jljl.1 jj *S i^l.XjiJ 

Cl — 0 («_a 30 4^jj J^49 ji IJ 0 4j jlj ^LL cjb- jlji* .vl—«l 
a jl ijyiULt 4—sj- ^Ijl 4 j .x£ ^yyi iJLiU a = g /Y C^) j 
yLw0 jjl^j 0 ^Ij Ij jljLi« 

(i_iJI) 0 = 0\/V 0 ^\yr 

(<_j) 0 = Y i/A° j Cl = — g 










Cotf 

‘OJ y- ^jjl .-Li <ota jUL> 0—^C jJ^-i ji j j 6—T ji O OjIj jy** J y- >—i— u j»—~s^ cXj jljji 

C-P^—- C—S - 4—S*X*9 ji (*—J>- *J£ J *3^ 'Jp jljji jy*A ^y Ij y~*T J»tL (Lj j*J-Li 

. r..i L^y« cc (_$l4jjlj i—<lx-i j (o 


^ yr - 


is&ma 





^ j**- J>» O'j}^ 
(a) 


fl H = no |*jj^ ••^yy jl~{ n-t oUax>^* y ^LJ <> <z*Sy ^1 y •£y t_jbi ^U-uJ y 

b C-^.- —* .0—1 «J—i «oIj jl—i-> O jl tJjjjS C~»Ij j_y i}y- v_-Lo y~?r jljja <£\y. V^a jJ£«i j* *S (i, = nx j 

ji Til'd XjJ\y jyj ^L*4_iJ y —i C C - *.. —i y d—^j\y ^yS^XO- <w y J C — »l J*—i»- iljl ^Lii 

J^Li U-i :——• '\—\ o*ViU> l _ 5 x*j (_jl a»a-c 7 c-S - <_£l^j ^ylS" o*^jL*-« jLij I j /o JXjI^j JjjS" j n-t ot-ax>v« 

.Jjj-i^y* jl^^J bOjl ji J tijj OiUl-jl 



jjlx-ii 1 oViUc jl5s» jj oa_/y ZF, = mra j ZF„ = mm) 2 ^ aJ^U-. ^JISCJ aa]^ jj ^1 yL, 

iljl jl Jjy -1 -Ll—-> ilyi Jlali y O -dai j3 y~?r 4j o-Li JUpI ^jy jjlxJLS" C—-I f jV G J y 

.»/ uiAa- 

jj-jl L« .C.. ..«■! -LjL* O jl jji jyu. J y~ jjIxJLS" jl j»-.i. X .w« ojUx-jI V yJ^> OjIj jy** J y- jljjJ i£ I y t 

■iyZy j\_^j LOjI y *£ C—Jj "\~i <k;lj y *>U» lj aJjLiw 


[VI] 






fvr cjj j j3< > juu 


—-X O J J>- XjI^j <£j$ e jlXl L ^jL Aj I J "\— L aLI j jl y ^j* "\— J> jl 

: j~d il)l—«-• JLiol 4_kj|j jl oU:_.J I > . ZA/ (J — lex + tna x r j\ *y x&l j>- OjLp aS - 


.ZM 0 = \jo -mr 2 ja + mr 2 a = / 0 a ib ^1 y >-< / 0 = / +mr 2 

■I jj—ijj G j£j* jl c-»U j>>«> J_>>- («—>• *->y 

.xL*j^» la jL*jI »xi JLfcpI XjI ji ii ^ = 0 


\ V «\ > 

.±£V A ) 


r-\- 


3-iJ 9 *-> .>jS <-—£jj Ij la j ma t xj^ $y<y 

1*3... *j> JjjUa* aS* ita Jlilil Q Alatf» Aj 2>y*- C-*ljl y Aj Ij ffiCl f a£ 

j LaJL&I jl *jUx~.I L .ji mra q = la + mra(r) aLIj 
. j —q — k a f r *& ^ = k () m 

XX \jj *JS C- — il ^jjl Jjlj *£ Ijll j J y^^f* >X«Li *ij~0 Q *^ a ^ 1 

jj\l -L? ^jas*xA yjjj ^jjl Aj .J(jl jl XL Aj »Xi JLpI (_$Iaj j^i aJl^ 

.O—<1 ZA/ q — 0 : Jaj *vi—l »jlj<*^ Aj^d j£^« J y>~ l *jy> 




9 1 — Y* 4)^u 4 JLmmo 



150(9.81) N 
1800N 



^aj jl oJLi <ob OLiJ j/^lL Jau-i jj Y* % * kg 4 j ^ 

.J-jloJL.Jj oJL^^o So^o ^j>- aJ^jj^^ ^LaU JjlS* j jJu 

jS ^jA <Jj>- *X^Aj AS*y+>%A L^J JJol* j OwLJj 4j <S* UuSlLi* 

i o • mm j ^U-j» j ^ 0 • kg JS^ ^ j>- ^1 Ijb ^ jl jj* O j* iy>- 

ojj* A jjj j*« lau-ijJ (/A kN jjljj P 0*jli ^~!i£ j> \ .JL*iU^« O Jj>- 

b O ol5UL y s j\j (jjjJ j lSjL ^SIS 


i^A ■ 

300(9.81) N 

[l=k 2 m] 


4_JS' j ^jb J tAL^JLk J ^Ijl j , I 

Oy j O x ^Ia 4 tf !ja ^J^Uj a£ jJIo-LJj o^b (jLJLj L$jI ji ^jlj 

L$lj_! L-A^M> (Jjj jH J.*- 1 i Lf* U~^ 

:d)I ji *£ c—I lcc = 1 0 a JjjZ y\y jS^« J_p- J^-j^ 
1 = I () = (0.450) 2 (150) = 30.4 kg.m 2 

'.1 A ^y J & ijl^jjlj <—’bJ 0 » fr > - j^J 4 <J_p" <Sj$ jJ & Jz & L 

[zM G =7a] 1800(0.600) -7(0.300) = 30.4a (a) 

Jbl^ C-w/wU jjj ^Jajij Jau *jj bSjJL «— 

[eF, = ma J 7 - 300(9.81) = 300a (b) 

(b) j (a) Aajl jj tii£ '-r^y J jl- 1 ^ 4 Oi' • a = ('/ i \y) oj a > =ra jl 


a = 3.44 rad/s 2 


a= 1.031 m/s 2 



L?*jl jl .a£—‘ ij^\ A4 ^y“ jl^bU J-»j«JI 

•.^S^ *iUi-j| J^Uj oMiUw jl iC~^l a = 

[ZF, = 0] O x - 1800cos45° = 0 O x = 1273 N 

[ZF V =0] - 150(9.81) - 3250 - 1800sin45° = 0 O y = 6000 N 


O = V(l273) 2 + (6000) 2 = 6130 N 


Jl *5 \jT 6Jj J Oi 1 ^ J ri^ »j(^-l jl ^Iji^ JS - iljl L> :T J>- 

^j-AKyt i —? ^ i]aj>yh> (_$I^J jl .|«^^ iljji^y ^^-Ij <£jji> 

4_» jl jj;lj4—.-Lib c5 ^ma XjI y jj[ z~S oj5b*j Iau^LI* /(Z _yjlJ jL O J y>- [ajj\j*z£ 

^jb 0-3 aIsjIj 

\LM 0 =la + mad] 1800(0.600) - 300(9.81) = 30.4a + 300(0.300)a 

a = V*Y3 m/s 2 :^Ji JJ Jl. a = 0.300a ^jljl> 







TV& ^ J*>- o’ji' 5 cr^. 


j'-r 5 ^ jilrf L> f t^ 4 ^' ^ ^j'j 

[ef, =l.may\ O y -150(9.81)-300(9.81)-1800sin45° =150(0)+300(l.03l) 




'Zma x \ 


O y = 6000 N 
- 1800 cos45° = 0 


0,= 1273 N 


■( ~a*L 1 jj tyyj (yy& .clxuu/ 'y ••{ C \lA\) N /*J/{ 7* (jjjjjjf'd'/uf'eL&yi 

m i^mua fi m/S yj' g yl tylilwl ^>tSis> l y ko 'yjjSj (jiyalyf 


P—T 4i^joJ AJLXmwo 

£U_J> j G fj-*r £j* j V/o kg oXi #ita jLiJ 

i - - £ 1_aj 0=o i)j£ xJl^- jl .0.^.1 0 J y~ mm y\ y 

oLSUL ji ^S\ da.,<» 1 .XJT 0 = "\ ,0 _p I j y oXi ijlj iSJjz 1 

Oi/ 

ji *by»y *^~ > y «' y* <> ^y*y j* <yyy 'J>- 

.Cwil eXi y^J G jl l *Jj~> XjI^j ,^\AAiiy *£ ^ JU- 

■i <5 s*j l>«ji jl .XwjI r(0 ■ jLX j4Li *£ xl^* O.....X n jlx*l ji j jy AJibt* jl On i^g}y+& <iJ y 

> iC—jl rCC ^--»l —<■ ->1* Aj A.... ,lj 0/ aSxI 4j j]sj j xj^ O.-j, Hi (^lAjjlj ^_’Xi Jl^^iil jl JjXL 0) (^l^jjlj 

Ovi ,jX^ O J y>~ jj\ziS <diLw il 0 = kfftn aJojIj aj <yy L ,ij£ 4-^Uwt lj a XL IXjI aS" a y^y 



[ZM 0 =I 0 cc\ 


7.5 (9.81)(0.25) cos0 = (0.295) 2 (7.5)a 
a = 28.2 cos0 rad/s 2 


0=3.°^ J 


[codo)=add] [«<*o = f ^ 28.2 cos 0 rf0 

Jo Jo 

w 2 = 48.8 (rad/s) 2 


/• CSy>~ oXL»-JL; Ajillt* Ji 


\LF n = mrco 2 
[zF, -mra\ 


O n - 7.5 (9.81) sin60° = 7.5 (0.25)(48.8) 
0„= 155.2 N 


-O t + 7.5 (9.81) cos60° = 7.5 (0.25)(28.2) cos60° 

_ O, = 10.3 7 N 

0 = yl{ 155.2) 2 + (l0.37) 2 =155.6 N 





m 



q — Id 4_]jLw jl aLi jl jji lj 0/ ^■ ~*t .,-1 i". 

I—j xil» c~$>- JjL G J_p- G, 4S” <u ojjl ■*■•- >■ 

j ~ 1 **_v ■**' tj G, .J-iL <u~ili of Li 

ml—-I aJ—i ojIj jl—iu i jKd^ Q £j* J_p" jjllJL? <dil*-a 

Ij q * —L ^a li JjLj tC- —>*J .ij_jl C.—'-b 4-Lil) Of 4 —>jI>x^q 4j 4&jl jjjb 

or*? ** (^.j-j 1 

ln-Sfi "=S= 0 - 348 ™ 

[ZM q =0] G, = (0.348 7.5 (9.81)(cos 60°)(0.348 - 0.250) = 0 

G/= 10.37 N ^\yr 


J uftfl OlSsJ 


• 0!/i tXl) 9 Cl i — rdf i^'/ /jjj(j& G tCUJl 

ZM Q = la = la + mr 2 a = mra <7 «/’u,*r ybn u, 9 »>/' / ^ > y <j /9 a *,b, 9> 

.jjh/Ai w/Gftf '/fA i^jbAi c^uU L^tfA y) (* 9 /J fyeAA <4/tay U>}«ala to/ 




fVV JSL- t-f 


a=M\\T rad/s 2 jF a = r\\ N v l y 



J L — *j O^j—>■ I«Xj&^ ^wjV^\ 
f 'j-*r <i <->y <>jJ> aS' 

ijlj Aj j~0 .JjLu ijlj 


Q 



f-rf < 11 — jsli 


£U—1 j j i-SLJLJg ji jl i_£_ j VTV 

jj ^L*-i j <i»£li ^ * * kg l$JI <* T • • mm 
jl ^-Sn_j jA ^l^jlj i—<ti«i .C—>1 Wo mm jLij£ y Jj»- 1 - 4 -iT 

^lal* j-j» JjIS jliULr yt jj i_Jl£Ja*ol . JuJJT Ij la j^li? 

•vl— I OJ J 

a „ = r/Y < rad/s 2 ^ 1 ^- 

a„ = Y7f <\ rad/s 2 



20 kg 20(9.81) N 


(a) (b) 

r-rY <11— jsla 


JJLwwwO 

^LojJLo | JjLmmO 


<da£j j3 Y • kg ^^>- 4j J i_£j jl; dLa *\—VT 

jl dL* £\ .XS jL .y l»j|j <?«j ji dljljl j tx£ *)lj} O 

* J jl fjj jJ jlxis oj £ L*j j j£~- iJuJU- jl j yi\ c—i y 

OJ> ^ L-*>J jl ,_r-i (^lA-lasd Ij jULlL L 4 JL 4 <J o_Li Jjlj /? 


/? = IV N 


^>\yr 


g^ll££^ 


t-rr <11— jsli 


jlj_>jl 0 C-jH <kij jl Ja~»<JL* fi 

Laj »a-l_i »jb OLU C. ..«.>y ja jj£_. cJL_»- jl j *~Z 

a—j < 1.4 4 ^ J L‘ «£ C^jIj ,jljl <♦.>.<)yj jl \S^»S Ij .ay 

.-UU JLfcl y-u jl»__jj jljtlal jJ (jLwJ y ^l^XA 



4_Jbljl ^ * • kg <J oXi Dili jLiJ yj l-T0 

j*Jli y jJ l-tjl j aXi Vjl /4 jJ i^VIj ^Lf^l J 

jjjjjd Ij j* j <Jj1 (^l<Jj!j .C^jI jj$w< eJU- ji 0 = O 

Ij-A Jj £-»Lj <-i' «j—* J jb iSjji- 1 jl- 1 —<• J eij-d 

Jjlj jl 4_J J_^a JjLS" ^ P = r. • N <Sy l^Jk 

oj £y 





djxi-o t—JL a pLo-l 


fVA 



f'-f . <01^ JSLi 


C. £4_*Jllag ly-* eJ—l *J J« * jl "\—£■ N 

.}}£ gaU—l i—sUa*jl ^IaL-jLo} ,_£IaJ.L« J Ly X\ 

Jj S^yS aJ_«o (jU^ljj—< JsMa jl ga^ii gjj*- 
<L> *£ JjLi yj ljA> jl ^Ia/^ (JbijJ vl«p|j ^} a ~“ 

gala jLJb Jj~* .JL-Aa^ 1 _ r iAbS’ lj \S\Qo~e\ ^y^A jjb 
jl {—J r ^b_i *—j (^IajI y-*»\ u>Jt* *•& jl »JUl ( J. jC -. t J oJLi 

4 _iuj jlf^- J ^y . t j^U b-gU-b J l J^l» *J <*y 

_?- I—* ^1— J ! y-* jl y , *j-i d jl ——£j £l—£>jl ^$\jb 

j ga J-J i_Juo twbai J^S y>ji .JjlgJb 4i»^L. p y* ya >la 

Sj-iji l^-'l bi aj_*J ajlj ^y y JjL *$ \jM 


iJljLw j» 0) ^14— tj\j \LS>j --*« 4j LlJb- j! <JU T ^Uj 

(^Ijb A_S* ^iL»^L*A 3 <jl J» *S -L-iL 4l«ib JXS 

ijl J ^jy^P JLil_j jjb_i-Lilj jj Jb V—sllaxjl jL^j 

*Sx ~^ v _ 1 jl t ^ jJ* 





jl^>- jl e-Li eib jLij gy ^15 "\—PA 

4_*_>-l_—/ <_-lS* Jb^l jl J 6 *ji uSkjjIj 4 JL 4 

C.^i ja jl .C^—-i eJ_Ji jljijl (eJ-JJ ®ib uLlj) O j* SyX 

oJJl_>- j >• iA”iA JiO° ftjlxl 4 j i^>li e-Li d^b tjLij 

. il ...^. \j (^l^i^lj i—*bJi i ft—Li 

jl ■J—JS' jljSj fi - B J y (j\y lj J-»^ yy* 

Jb—<ajl iSL£la~ 0 \ j L*^ j;_>-Lj i-SLa >-yS fy^r 



b t sJX ?' • ^i>^i ^.b ^i> <0 a k—>b— vn 

jl _J ja il-p-lj^j *j\yL *I t-Sb lj .-Ul5 i_;L_>- 

l_j lj g j_J c_-<J0 v-»l_j->- .JLiS" jiaiij~® jlabL ja Li’l^la-<»l 

* ili. I J~> jS 'J-aJ jJal ja I j g jiji C>l jil *S ^b- 

.XiS 

a = */Y^ m/s 2 v lj> 

ci=\\'\' m/s 2 :/o = ° ( _ s is 5 



^-n 4li—. JSLi, 


^O^jJja a^ ^/ISJa^l jjbir J\ VI. 

.J uS" i_>b—.>>■ lj jbjL_Ji g Ji jS (_jIaj jlj ^ ili-i iJ_ilj Y N.m 

•C—<1 = YYo mm jl jj^ljij ^U-l j A kg gy Ji 


f'-f ) <11— JSLi 






m jjl-o 9 -f 


b 



y-ff JSLi, 


Oji 3 jJjLywJJ 

Ij ^IxJ(_pLi <-& jUllU *jU *\—10 

J »-L-i jLi l<_.ji Sj-4^ Jtj-i j'-b* ji ^ ^ 

uS - j~L Cjjj —*0 <j y*>v* -^ij* 'r'^ji b b 

.c—-I «JLi (^jL< *~-i V * * kg jsr <* 
jLJLiL O -O jj>** jJjljb* iSJj? 
j£\ . 3 jj- 4 ^ d-c <-& Ja—'j* j Y'* N.m M 
t fji jL*j i3j-S j\J *jijj 1*\jj. j3 j jix. ji JiU 

LI 0 = ° j3 ».A .*(^jL*rl>- c.> o j-« jl JliiiI (^1^ b 

4_S^ jJ°j "•■*' <l —i •*-r^ ^ •■>■ 0 = ^ • 0 ji cjl >—’tjj C.. _ - « J^* 
jj (JJ-xj to 0 jj j «JL_i JL_*^I -cJjl O'i0° ji 
,(0 = o) JUu 4 j xJj^SIX Ij JLfcpI C-fr>- 

r = va/"\ s «—>i^>- 



<L * « n JSLw 


j J > W J J j 9 - ^4 ^ A L^jjl; <1*4 *\—iY 

ji jcJL>- jl J C.. -il aJ_wl O jl o-LJ jj£ t^-AjI 

jU>- Ij O ^j—^r j*j* jl ^ d^li Uj ^yiil C>>o^4 

4 .1 jl _jjlj «__>L: J^> 4_JL» j j— i> i^~pLj ■'—S' J-.- ’J? —*J 

jj 4 _L» _,_> Jjlj j . ..!;>«■»■■* j xS — S’ Ij Y ~V rad/s 



t* <11— JSLi, 


jl vl—9-1 >£, c&jL, -dLa VLr 


0—x* 4 b •* jl"^ #i l J oL^j c~oj4 

(^l^ijlj *—J (*-«Jj^l^ 

.JU^ ^L-9- b « 



f-fr <ii— jsli, 


jj£—- cJU- jl JSLi JJa^* jjj “\-l£. 

,_5j_j_l9 \jX jl J—<L» .33 Lf -» I—*j oJ_i oib jLLj c>oy jl 
i^l*—ijlj v—jb—Ji j J_j-1 l*-»j j?L« (_$I^jjI j i—jbi XzS j^*-> 
vl-vl. ..4j3 -)l_^- U b -b*^ >—9b~>- b ^bl 4 

.JL^ Vtr 4 i~. jl .juT 





j lj b Ijlj !j^—p- jljjl* JilJLs- <1 

jl lasJ jj lj O jl—»bb ^ Jjlj /? <_£_)^ jlXL* 

. Xi ^ k_jL~>- 0 = "l*° jJ j^£»*> C-JL- jl t_£jjl jXi Lkj 



y-f A <JL~. JSLi 


^U—i Y* kg j->\j' A oJ.—V £A 

fj-=r -c—.1 \ o • mm ^j_£J^ j>- jl j y^\yj 
jS”J y jl j^y-l^j £l*-i j \* kg y\yB 

j-j \ r N.m jjLjJ . j— ib^ ^ • • mm yr 

B oXjk-jb-i l3y5>,J» 3j\j A 

JiaLS uS’lS^la-^l jl .X^" I_jl_>■ lj 

a R = Yo/o rad/s 2 CCW ^1^ 



f-FI <li— JSbi 


(J-’JJ G j_?yi ^—j J£—i Jj\ k. ^I^L. VO* 

°jLj *S its * oL*1j o-Lt 

ijlj iZ* +m£ ja j\ o-Li jlj 

..UiL^ aL* k, C~~J 3jj Q 


<ASK£U£> |OLwuJ>l V.^JIJL^uJ _ A ^J vl A f 

tv kg ^>- <^ljta fl ij\Aj\yL^\ jyjj V*i*\ 
i4 >-»L5 .c—-I »xi j\y~ ij>- C-C iS^j* l5jj y. j 
0-0 XjC jjl5 J y- M = V* N.m ^Jb o»«j 

Jii ^ jxXi' jj_^ b jl^^ I j .xS^ jljjj 

*—4j lj/4 i_jIS 0! i^l^jjlj k-jLui .j^ jljl v_)li jl P 
•X—li - jjj;j (t—>) j XiL 3j>- jjU- jj (<—i3l) oX^S” Jii 

k—'Li j L*<_S’l£kwi»l 4_JS’ jl .xxJ i-jI _j>- ijjib «Xi 

.X^ 


O 



H.250 mm-*-) 

C 0 


y-fy 4 iv-, jsbi 

fj—^r tSb^ J AB g-l jr£> j l^jjL_j a L« ViV 
jl — -y A ji ^Jlj Jj_>- jtJLi 4_>*io» ji j (,3 jj A kg 

*-> ‘-Lib 0 = Y rad/s S = T>° jj J\.xS^ 

• Jx^ k«jL^>- da>J jl ji Ij ja..y y A 

A = 01/T N ^\y- 



—i jl c jl<Lw.j jl <>y0 t _ r tj L» j I j^l y VIA 

jji—U j ^ J G $j-*r ySj* *-> kg f ^ ^Jjl 
L^ijl jj b <La\i . 33 ^^ oiUx-l O Jy- 1Y * mm 

*—j j J j J 15 0 jlibb jjlj tSjj? *5 »Xi i_j|>^bl 





f P-f 



4 !*««*» J SA 

^Ja —- J r Ja—jla £la— <a aJLi aili jLij *\—0T 

L; i O yS ja J _j_p- u—ii I o»i—> ji l£>- jS” ^^LL-a 

I j 4_iL- ji T Ji —JLS’ .oxS - ^ jljja 60 Oatt ^tajlj 

<-£— o jj— u5 <a Ij <iL>- cjLflj jL (-^j <_$l^ .OS’ au 

<-> b j' L&tJp ( j'^* J J s^ ^ (*—r 

.wLjLoj JJ^xJ i!jl ^ <jl yS* 

r=pr Y 0) Y 



c±> 

i 


*-ar <n— jsli 



^-6 • JSJj 


4-^-j {Sjj y-* *iyi y~L"^i W*jl _ % 6 j*j* *^“"0 \ 

^LLS* ,C »w *l 6-Li j\y* ifiJLi C^Jtl y* 

t^l*j-» J* jj* <i Jjk -^*-lj j? * Ao kg ^sr j V m Jjl» <a 
j-> I^ x »yy {j*- .0-1 .JLi a-u^- rvo mm ^U-i o 
V« • mm yjy>*A Jj_^- jl Q j . .aljjj £l*— _j aijj TA kg 
<—< ( _ r L_>-^>. JjL-La ji »l OajLLa ^a <Jlf- ^1 ji .C-—I 

^ . J——jLJ ^ • N j->)jt T u-JlZS j*j 
»j- 5ji Of <^Uajlj —>U— iij— i j\j (J 1 !^ <» \ A* N 


a = 1/ty rad/s 2 


v«j* 



J’-O I <li *» »» JSiA 


<Jjj—>>bij £lac— j aijj ^ kg ^jSf ^ <-£»*>ai OY 

C OjJ S ala -X?-ij .0 - 1 Y • • mm ^jLa y^- £ jA J y>~ ji 

(_$!<—_jl j Opj—— l— i tS A lSwi^ J M jy y j! aJL— 
J'L_^k^l ^.j—xS - ^ jljji n* • rev/min o;LJ 

Us = */A* ^1^ o iX-ji Ji j- (J^O* J 

<o—l oj£~a JU- ji IaxjI <S^ B l 5—— a .oiL^ /l* = • A* j 


Of (_5l4_jjlj —’lx— .xS^ja jly P = H N 


4-1— —^a LaL Opj— <a B *Slal (^IjJ I J t ^j)l jlaj j B l5—j3 







^—66 <i J^>*» 


<-L* 4^ 1^*3jA *\—6*\ 

j! <-4- /I c/^ /* 1 «»/ ->'>» ^*s*\>* 

3 ^CsA _-- C. j >- jJ V*° ejl-LJl 4_j eJ—J* eib jl_ J-j C~*J_ja 

4_J_jl 4j_jlj i—llii ,3y> I*j 0_)Oi CJb- jl 0~T* J 
01 fj-fr o—? 3 ?** J j* ^ a ' 3 (*0 j' > r >'~ ,p ‘ * J *-4* 05 

.-L^ jlali j~a 



jl r ^l» J> _j m s» *_; (^Io^-jI- i*0 *\—OV 

l*JL5 *^>Ju0 ji a_Jbljl j ai— ii" Uj 0 = o jj 0_>O cJb- 
^\i_iaj\j .XjSy jlj_j3 O j3 £-slj 3 j- 3 " jliUL J_p- 

Oj *-j Olil'l J-, 3j\jF <Jj j-J t jn ^bxiJ y &\y 
.±jj\ c—x 0 jl 


OjI—j 4_jIj jl a J_0 ota jLLj el^L-O *\— 01 

eJ—i J . jl ia 0C (_ 5 _JjL» j i j4 j3 e-Li (J-AAa AB (_ 5 _jjlj iOj4 

4_>ti-ja j_ j 3 i jZs~y^ ^g\jbjyu> .C---I a-Li J-£-U 0 j3 

4-a C-l f jN ^ jjtif (ejl) O-Jjlk. .JtAL^ JO 
j 3 l rad/s 2 »-->b—i L> Ij AB jL_. U 33 J 3j\j A J-juU 

J_ii B J_-alia 4 O 1 I ^jji yy e-lip e.ib jLii C~*5_ja 

33£ 3jl_j 0 J-a i a <L LI—*1 ^jV *£ M/i jj\^l£ (i—>) j -LiL 
J - -a a a <£jl y>ji (j l Jjl>^»o i_jb_i jL-A Ij Ij BC (_£_)jla Ij 

f_H>- j kg ^_jI^j j 40 ^jL-j ^j-j>- .J—iL Ji> jL jA A 

J_-ajta C.a ■-> *£y\ <0 *^ry la .C...-I l kg y\yBC jb 

J3 *-i 0 J—a»ia fyT J ■ A i' L <b 'r’l—*- <a *j 4ki«jli 

j—5"l^ -L^ ^ji .C—I e^O ^.-—1; (_5jl_-a Jj _Jjb 

a_j bAjjlj J <sij£ jl^ I—*jjla j^l^ j3 Gf jG\ 

.-L y’ly tSjba ^--Jp l-^Jjlj (^lA<La £jjy0 



4_ibljl A7Z ^j—3? <0 e-Li e^b jl-t) <aJl>- "\—66 

CJL>- jl 4_iL>- j^l ■JLiS’ (J a jljji ^L5 4— >Jut> j3 O J _p- 
Jjjt Jtl ^lAAii^a g\y J*>\jj ,33J Uj 0 = ° ji jjO 

® '-——>■ y O j3 

0„ = Y mg sin0 _j O, = ——^-cos0 ^1^- 


F„ = \/VY > mg sin0 
F, = *AL mg cos0 










f Ar JSL- 


j > Yb JJ ill ^y- <u (_£j jL; aJl* *\— 

j *— l~* o-Li j\y j^lj f-^" ^ >-jb <£jj 

jljji O ji ^_s1_j C-jLj jy>** Jj-»- *- > *A~ a J a <-jl-* 

Lfj (0 = °) C-jo y ji oj£-* cJb- jl <L* j £I 

£»\j jliljlj Ja~»jj o-Li JU^-I (_$jy (_$lj> ^ 

■Xjj! c—»x 0 jl i _ # *jlj x *j '^->15 <_$jj ji O ji 



f’-OI <11...a 


^* * kg (* j—*r <-» J£—-1 *'“*'* 

R ijj j* _J .Q...-I a J_Jj C_Jil |vjli ji <Jalll» 

B t>\£<£s y^^S- j' u~i on y. 4 i jL> 

j' b'yy j '*y V s ? c ~ w f>^ 1 r' l - fl " 

(_£jjl_J 4_1~« (_£_J XjI _. Ij yj J (jl 

.JLjLm ^yiij O^ljlSl. 



ft 



f-6Y <11— JSLi. 


(_$ljb »J—J> «ib (jLJJ C- >-\ y£j yy <Cl yd, "\—OA 

<—ibljl <S ^l<ijljJI (*Jli xiLi <jjj y j *zy \ • • kg ^y 
£\ .C-,.^1 oJ—i jl_j_~■< iJ-^Sy jljji 0-0 ys\ jy*» J y- 
ji y*^J —Ojbl *S y£y iOj£-~* CJb- jl *j\y*\ 
<£■ ysy> <J_jl t$l<ijlj (—>1— .3J^ (C—>1 KaJ* j\J» ^ySil 

y> A ijl »UIj Ja_ y *S I j F *JLtfL>- ijj y j a 3^ (—»!—*- I j 

j\yy jy~ fyr jl .X^ yy> iSJJ 

.i/ J&y, 


I 300 

I 120 mm *-! 



°s s 

f'-6A <11— J&£ 


'j'-’j' • <11— J£j1> 





fAf 


OA c^l j£, XjL ^UaL* Jl f las' yb v\r 

A_> /'i A-laA; Jj T ^JSv- J Aj IaaLj .XjLy A kg ^jl y BC J 

bX_»jjS ybl J XlbXj b^b 

jl A_S L*^L* (jl^jlj OPy /\ .X^yi jljji 0 jl 

.o_aij o) = l rad/s yl^ iXJ j-iSy bXi sib jl— c—s y* 
. x^S oL> lj O jliLiL ajL bXi JUjiI R JS 
R = i-i/rN v iy 


c 



iXuil bXi ojb jUb 'ilL (^Lkj jl aS ^jU^jLJls *\—*\£ 

C-jLJ jlj~b Ij iy .AB (JjjS bjlOil (.^jjL ji jijS jlj jl J-5 
J5L_i j j a_S Laj jb jl i S—i_ y> ,x£ y jl jji aJU j, jji \ 
j! (»y j£j*j ‘*ji ' * kg ^y ^Ijb 4 *Xi »ib jl— yxl 
j' J— f 4 L> 4 -^ .4 j> T U JJS .0—1 £>\j G jJ 

j—> i j\j jlX—ib . X . S a-—( jl jxi Ia^ jl 

j£aJ>j*0 b^jl.ja b O jSy —*1— Aj^Syb jl ,X*S lx> I j A ^yj 



jjj j U m J^_J» a-, ^_j^l y& J_Sb W 

«J—i )lyJ O ji 4 _ 5 xL_J A—l Aj Jy (jl^jl J j ^ * • kg 

.xS jUbl lj IV. N.m ^jlxlblj jjbx? c ^.J / 1 . 0-1 
B <\S<-& jl JSa aS I j O y a bXi jjlj JS 
JSj flt Ajjlj —l— y>i*» .x^S —l—- oyy xL 

y L* t yy fy>- jl j # :y yil A jj JjIS .x^ - IXj lj 
■X^ jlaii j~o 

a= -hV'\ rad/s 2 j O = on* N —ly 



i£jj Yt kg fj—*r *jAB c»s“ly£j <L* *\—*\T 

ji O C-jLJ A — l a A; Jy>- J bXl j\y* j^lj fy>r Aj yilALScdp 

j'jj^ (*a'-* j* ‘JJ- 1 -* JS—» ilXXbl Ji C«_Sy yy 

j' cT-^J ^ i L r 4 '-‘J ^f-^y j’ ^4* 

0 ) — T rad/s o~^y t,$ljb lijoS^y 0 = io° 

yjl ji lj LxaIj j- ....j L Lfci^JLe. bjjlj j 

• XiS A—C. . A ) y» 



t-tf 4JX— JSLi 





f A A 0 P-f 


jr* j* J* * A* kg L aL* *\-*W 

J_j-J>- 4_Jbljl J »j—i |*5L5 oJ^O j3 J£i Ji^ 84 ‘J 

.0->»l a-Li Vj] iC^>l 3j-»P 4 »«jL> ji 0 ji 4% ^jbl JJ»U 

O -* - .— > 4_S 6 J_j> »ib jl . t .) Q . n . 1 ^4 ji oJl»- jl aJL 

l _ r _SU ;y j * aJjI ^LaaJj^ . 3 ^ Uj t o—I jl 
■X^S 4w,l>*a 1 3j-i ( _y J^»*j 0 (jlSUL Ja_-y aS Ij R J^jdl 
R x = */m Njfi,= 1/V<\ N 
y 



ij JjL* v jSLjl- ,^ua jjls \\\r jl, j5 wa 

3j>- J 3M3 4j l^jI CjIC- f»- j Oi £ Lai j3 jl jlJU j3 
ji .c—>1 «J—i jjL 4 -Lp J£i ji 4 S <> 3^S 

ji ^yl—^l iL^fol jl ^j$£*r C-*>- Ol 

A —‘J$ j~* *-£ 3j — < i*^ 4 a ! i~ * (jjl JjL <4 v_j jS! — Ij oMLajl 
i-5Ll—jj j-LJ ^w»lj i„$ly -3j*S 3 jJ>«4 cSl^jjlj <~jbi 

>• 4 —, ^ tja .-4 Jj j >-£—j L» Ij v_.'jSL-Jj ^1.‘ ...< 

—i jj nib jUL! »jL Cjjj~0 4, j Oj? ajLIi* V‘ * * kg 
jj JjLi ft (jl^—ijlj yLi S’!. J—lS L>- j/L 

jj 7^ ^j i— lS 4_S j_jS _-*L>v« (Jj^» Ij 3 j&tf-LoL c-^j- 

' <j—Jaj«i ,jjl Ij .JjIvj jjb*J Y kN jl A jLajl 

4;—-jU* 4 .-L-^ 4^-,l>*a IJ 3j^i ( _y 3 jlj B l j t i *j Fg Jo\XL» 
J *>■ 


J3 Jj'Li „I^A <S £*rj» 


»l^3 4 


..UA3 ^l>wl OS' jp- jl jlwU 



/ Jj—b j tn 4 , (X yk /4fi i^jjIj 4 JL j3 *\—*\o 

J_J-**-* J>- ? ‘ °*^-4» j3 Jjj .Xl»J-i MjJ ,_yjj 4 j A j3 

y Li (jl 4 j j a3j^j (jljj3 3j^ O j^J 4 jl a-^Jjj^ |*ili OjU 

<-SLj j* ji 3jlj F ((—ill) .ij-i^ «3b ft oAi ^l4jjj 

0^*4 'jljj'* *i Kt, y^y‘ IJ | -SLL j 3 jl 

J_;A3 jliJ j » 3jS tJjj Ij A ^ ^ 3jlj (_gjJS (k_j) ‘OyS 
(g) J t# 5 ^ »L«—11 F>o 4$ jSj t J^J yjl 4 S 

^_la3 LalSLLc- Lj ^1—«j (jl (_$lj! 4j 4 S Ij 0) I_$l4jjlj C-fr_^-J 

(jis* 4 Ij a j*"(_y 





ji r —Ji j /w 4 _j <l_aL>* *\—*\*\ 

J 5 jl ,^i 4 j J-alA O jl »XjjS ^li jy*. J_p- ^jiil ajhAsj, 
jj U -JL ? .J_^’ c} 4 jljj3 0) (jl4_jjlj Oj-j L A_ib- (jl^Sl 

Ja_i» ,J_OS (j-AJ* A j3 Ij Aib- V ,_5j^J j A/ ( _ r Lj>- 
.Jj^^j j3 4Jjjb 3 JA-J Aib- 4 ?uLs0 j3 aS Ij ^yLj J*j 



J£mi 




.j_jJi ^ks <u! j t SjL «jl ji *£ 

(ut\)&= */yy<\ j(^)0= oia° ^i^r 


jl / J_j_k j ffl fj-*r *—> >-^djk 

iSW-iJl i5jj j-i J eJ —- '- a j (* J '- i j J 0^- ^b- 

■UL* j?l (i—«_JI) .xjS jljji 0 a—J J_p- i_p- c r i j^jW^' 

fl s ti’LSUa^el SijiL iC—l 6 = Y'° *5 

jbi_#l5L_i i 4_L* (k_j) sIJ -j lj <u! j <tJL* ^ 

^tw jl (_£ljl 4 j I j 6 <Jj\ j lijik Jjl yj *S <_$ j_jk 4j xil; 

.JUjLj O y^ij* ^k* 4-3 J <JL* {jt> 
(<_i]l) fi s = */\AA j ((_>) 6 = OV/>° ^l_p- 



*-YI <11— JSLi 


—* ji «xl j »J (^I^j ^ *\—VY 

J^_»- *>u~u jj jljji Jk- ji lj (O i$Ui,jlj OPy-> 

j_-j j j eJjlj R Jo\^a (_5j j J .x£ O jGUU 

l_$o jl_J lj j*> liJ>v4 .J^S kjly-i ^jjl ji lj O 

f-Hf j' j *-*£ y^ s* X ' ' k 2 fy->r <i C^-\y^i 
■J^S Jia£ oXjU4& 

(U= Y/*r rad/s j/? = omkN ^\yr 


<U*.M« Jiil 

cJL?- jl 6* kg VV* 

v-i> '- > J 0 = 0 ji ^ C~*5j> ji 0>£- 

• /V« _^jl jz-j j O OjL 5 »lS’4_ ; 5j ^^Jll^l ^ISda^jl 

£j (jij-iJ O 4 l afl j ji jl (jljl 4 j *S Ij 6 4jjlj (Xilj 

{m ^ ~-~.j ^y>- *j *A*I —ajj ^\j>- LI ,j^*j i 

?jjb 



f._Y. <LU-JSLA 


■ jl ^1 >SL J^Li J-k_^ ► VV^ 

> jj j s y*tj* ^J tviox*! j*** LoLol 0 *£ L#i^" 

C-jLJ <_J j-i Sj—*• (^id^ 4^-J Ja-»j A 4-k/ij J_^>- jjli 

<i_S^ ^_o ja Sj _L ^eJjbUL* ^?l (t—ji3l) 

i^L$lk^»l i_—J jJ> 4-bl_«J ^j—*J 4_1 c^>l 0 =T»° 

<-»-j £\ (k_j) .J—^ IJ-j lj <u! j i-S’^L ^ ( _ J SLjli»-l 
jLlsj- lj B 4-Jjlj iij_ik J—Jl yj *£ Xilj (_$ljb iSjb 






f AY ^ 


^S c*S}> 9 > —& 


Aa _^y VT jJ .c—-I ^Ijj^ J Jli^t <^UoS^ jl A^s. jJ L_-U> ^L->-l ^ c^y 

cJLaLLo IJ oJLi JUc-l ^Laj^J ^jS^aUj OLw <1>I J J 'j' L Ij y~^r Vi JSLi 

jl^-SO LjOl jJ ejljJ ‘Ujj^ ^Ia^A^J ^ OS'^>- ^ 'j V> Ajajlj J Vi JSLi 4 ^SL>,I Ajc>-t^ ^1^ . ( *JijS' 

•r^V 


SF = ma 
1M g Ma 


[VM 



f"-f BJ— j\ J^«i 


i^jjl |«_a lO'Vil—*^ ^jl |»J o » 

* - .i ^j L aS Ij ^jl>- jl cJ—i JUs-l (_^Ia jjJ Ob* 
j j (^LaXjIjJ U t O ««»l «0— ejb il)l—-< j*—^ iljl 
«jb i _ r bl—*j ^yS ’ . o— «» a^__^L» a_S jjlx—^ j 
,X£ y <jL> iJjleJ-t 


XSkJu p CUS'j^’ fJjLyuuo 

.Oil) AlJib JlAi JU Ij y j Olia?v>U ^Iaj^As^ OSjA- JiL— J>- (*i_^A 
A_S ^ - -. 1' * oLaIm el^X—J jJ l> V^ aJsjIj jl Jj-j aJjU* .o '■<^*> C4 ol^X—J i-jUbjl 

J J J *-£ t( jj jjjIS’ oUaXs^o OjL U-i .JJ £ (L)Uj to-Li I_«w>jj ol J.5 ^jrT £ j* V^*' 1 

.JuJirL AxJib Jai jj I j l y)ai 

J y jjlxJiS’ ^SLj aJsjIj jl ejlix—I VO JSLi <JUS Aj VT jj .jjtif «Ua»lj i_jUWI 
.jjjJi^yA jijSo Uol jj ojIjj^i j^ ol aJsjIj j JSLi. ^1 t^x»l—I aa>-Ij-o Of>- sJaLLo VT 

^ IM F =la + mad j [VT] 

aIdIj jl aS JLiL yy >-*L« JjLS t O . - «il Ol y—J^^y *£ P AiaAj ijy- tS jS 'job^iS* iS^i ^y“ (J* 

jl 0 I <lx_ji OjJy —1 A. .latfi (J_p- jjl v^ aJjIa« aS jb <>-y AX^j ^jjl Aj l j ; X>».»A .JJ £ ojliol VT* aJjIa 4 jjt— 

.0—1 Ojj-« ^Ijb ol jl eili— I ijIjA jl jj aS -Iaj^ J-SLiJ Ij jl ^/jj aIsjIj Vi AbU* (*—=r 



aJjU* Ij Ij Pa]a«j ^A 


OuLa 


J-aj fAA 



f'-b txSt j \JSLi 


J-a- ji .jJLalj OS'y»- J JLiU C-5”y>- 4 _jLLa 

X-Jla 4__j JjL Ijjl i<acLa j3 ^^15^ y>- 4l‘...« i*£j 

j3 J-A 4-S" S' oJb ci" y>- jijj JJUL J jijj 
C —5T y>- ^1 ,JJLj__i sib jLD "\—"\ i ^IaJL* 
J ^Jaa- <—al l ..i y-J —-i aIojIj JjL iJLjL jJLa 

oViLfc* jJ lj j \ j *_jI -a- lj v_jLi 

Jji«L C*SjP- J I .ab C-^jLL. jjLii’ jSj>- 

Lj l« . J k -~« jl JjL~a lj LjjLi jljj^y *J-iL 

oViLta jl ^-j O j C- ?y>- jJjLta 4—> jl a^Liljl 

Oss"' 


—>1 jL {S^j 1 . ,_jLiiMj* o'VjL*j jI J*J jl Jjlj jl J*j u _JU> ^L>-l JJL-a | J>- ^1 .o*ilalJ/w 

4—«j ji-^l Ja- J — jU (_^l4_>«As^ Q« i.. ST (_£ ly .JLjjiaJaj IaaIijIj ilJ jo jl ®jl^*A J JJjL y..i.j ■*■■•■! Jy»-ja 

lj Jjj-A*** £—L ^ OilyL ^ja-j vyLJ <_£jby Aiajlj jl jJl£j>l 4 j»J _y ji j CS o*ibLca jl I aJpL-a 

.ijjl C—.Jj o'^^y 

jjjl 0pw» O^b jLij j a JJ. lj>«j* h*?** jl JjL *£ ^.a— a- <—jI>«jI J-S’L" . | » iw L ^—■>• ^y LLi 

jlj-jy* (’-fr* f ^ (ji* cT^y jl -*-*> LjJ .vl—xl jbj^A-y c^^Lj j C~*aI jl p— P? jljl tw j Jo-y aJji IjA- p— 9? 

.j^-iL 4iJib IfJl ^Ujjl^j j yrjU ja t5jjl ^ jl ,^-Lj. J-L>j 

LJIp .ijb O—j . -*I ajlj_il jl_*A 4 _j y*Jt jJj— i-$w UU -.j JjIS^ CjJ-L-i (^lovija C-Sy>- JJLhJ ji .^j'i>.•>>■■» 

^jL- 1 Jajljj jj jL jl j aj^j liwlw Oj^L- 1 ^J^ jl ^L j*j^- 1.>* ol L <d>-^1 ji ^ 


.iji JaIj^ J-Jj jL—j ^\a>Jup j>- ji j 

Ijjll—1 Lj Uj jJ jl j lj^»l Jj C—<1 <Li—• J>- (JJj ji jl .OLstfy C-djLka 

j* jl j_*j Lj_jl o_>w» Lj jjj_j, jjj^ ji ji (jUjUfar J^l *£ c—l ^jV *j\j* ^jI ji t JLiL ^_^L«ja 

-l—~t Jajlyi *S 4 1* ...a Jajlj-i 4 jj£jA j J^aII J J*^l L Lj-jaji ^L»J JjL (Jl>- jA ji JLa 

•JJjL 4lJjb Oiliaa iJj y^^j* aJLaL 

^1 8_j*>Lp 4—> .C—l ^1 -L>- j, C-5^ 4j Jjia jl jS"^ tJilii ^1 jJu i-^j j ^ J^l 

Of Jj4_>ta (_$l4_Jjlj ujLl C~Ja C*^A- OjjJ 4*3 Ojla C—jI j C«a..a 4j j^/* J'—’Li Cjjf>- 

jj L; .« a . JjiL 4ijilJJ ,jij*J v —*ib - j <i = +^0! 4Jajlj L jL>-l i^ pL ^~-■ ■ I • 

‘L — -»l jl c5jj ^ < _yA»la ..Jj ^J— > 7 Oti ^l^kjal (5 j jJ 4^ C—j b JjL 4 jdA^ (jiji) jj JL 4^ ^ (_5l^j 

Cl ^ rOf cJ—ill 4I»Sb J*3 (ji j*j 4(j. i - lL g- al^»A .C—>1 F& fi s N ^I^jL . J—L^ya jS\» jljlia jl yZ *5*S/ 

C—>W> 4_S' c—<1 JiL—a jj jjssJij F=Hi.N 4jajlj jl a J— iLful ^jSLlL—. (J’l^kjal c5 J J aijj 


J Ms(_$**-; J < _5 ^- j L—«I '-S’bLkjsl v—jljjj >—j^L>-! «1)Labial ,jij*J ^ JA L ,jij*J Ji jl ijL ya 

'J* ajUljl j3 jA L (_5l>- 4j jU jl cjb- jjjl j3 *S 3£ aJLiL jU* 





a cS y- 9-b 0 iJo 


^ ^ ^ ^LaxuX 

(_ 5 jj j-> (jj£—i cJL?- jl r = ^ o * mm j-l*—i 4 j (_^_jJL» ^l^uL?- 
*_< j ( _ # SL:U_«-I uS’lSOa^l v^jl^ ^1 .iiL*j Y • 0 

I j 4_iL>- ct (_$t4—j_jl j t_jl :—it t-U-iL jU* = • / \ Y j fi s = • / \ o ySy * _j 

jj-jl-j (_$j—- <-» lj V" ITl Oil-* <jS1p- a50jI y t ijL* j j eij^j 

0s~* 


J 1 j ^ * m & y^AA, ojj ‘j*—^ ilji <u ~.j :J>- 

'- s=== 5 5 r = 150 mm —, 

b jl-A~—* ^la—- l_* C ( j*iI__*j AiaAj ji <iL?- ji ijlj F i_5~l5 ^1a . <-» l (_£j^ 
'l J __ V"* 5 a* J _ ilj-jul ji Gjl»ma ^j.-Ui^ jUU 

"" 2 ^^A '•""" C c ~ « J a —d.ib - 1 - AJ ' ( jr* - b tj-iJ-* J cAi^ 

ji »c—»l G^y i^xpl-iL c~$>- ji jjLii' ij>-j ^jIi—4 ij^ic-L-iL 

.J~iL v- . .>S (^*i/U v-i^ 4 j JbU F <s*~j 

j Jt(_jlAjj>v« (_$l ji "\-\ <!iU^ y[A<Ji}y j| eilii^l L .c—<1 a — vcl .juJLu Oj-k *A>- j^S y 


[lF v = ma y =o] 


mg sin20° - F= ma 
N-mg cos20° = 0 


:j*j jli a — vet o*j* Oili jljS j *JiL^« yy* j ( jJjl y, F < *Jl>- l» 


a = —sin 20” = -^— (0.342) = 1.678 m/s 2 
2 2 


-<Jj VY <JiU* ji a L-i:——* C J_p- UjjLJL? i^^U- J^Ac- <^lj^ a = VOL yy L ^ji i_i^k jl 


[sM c =/a + mflrf] m^r sin 20” =mr 2 — +« 


o =—sin 20° 
2 


r & 

3j* O^il*^ jl .^S^y ji jIaL* L j ei^ lj N j F ‘^j*) ^ji jl^*l c$ljj 

F-mg sin 20° - m (g /2) sin20° = 0.1710 mg 
N = mg cos 20° = 0.940 mg 

:L C-<I ^1^ 4 j^*^* lS\£1o~0\ ,_5j^IS’Ijl?- Ul 
[F™, = fi s N] F™ = 0.15 (0.940 mg) = 0.1410 mg 

(j~—^ \j*y * s >t j */^ * mg (_S-L>- jIjX« jl jXJL^ «/W^ • mg oJ-i <wiUfc» jl^L< j 

J_;l^ ^l-^la-xl (Jjjs-I ^jjljjLlj .O—-I a ^ ra J ijli yj J^yb yy 4ib- t^jiljjL) .0—-I Si jj £piw> 


[F = /i* A/] 


F in ,„ = 0.12 (0.940 mg) = 0.1128 mg 





4a*jLo lL |dL^w>l t_ 




[sA/ G =/a] 


• Aj ^ Cr^r 

mg sin20° - 0.1128 mg = ma 

a = 0.229(9.81) = 2.25 m/s 2 
0.1128 wig (r) = mr 2 a 

0.1128(9.81) - 

a =----= 7.37 rad/s 2 

0.15 


oVaU. jl 0.jtf I 


:L \LSy>- \ * ftojlXl 4 j Culi <—l> jjSw cJL>- jl 4 JLU- G £j* 4&jI ^1 y % t ^j'y jUj 

H-] 


: = 1.633 s 


jujLo olSO 

mr /jI/j G (Jja qI/I( jui/jjJ (yU* t) y l) j\/s (J\ G jl r nu>(? <v <M& (Jf 'O 
,/jiib^jA r $ m jl {Jjiujut ci 4^juif'tvcjj © 

.CZ^CU tl 4Zujjl y r 4j (yfd f m jl (_JjC!Xujl6 CC 4^/ml 1^44yj © 



4 .lai.i i 4a) aS 

e j-V <^J. 

:U c—I -I - G A-;? yl 


9’—9 > aj^aj aJLLwaj d 

j oJ_jj ojb Y* rad/s 2 ;ly o« OjL 1 ^14-jjlj * A t * /\ _Lia <u 

4j 4^ I JjIS” 4k*»lj 4j V * kg 4j Z/ ^ J* 

- ^U-i .AjUJ 4j ^jiil t£jj y_ tCw<l o-Li 4 -^*^ O' 

\j*& j ®a ^—j Yo * mm j_»I^j G ^j—^~ j—^x* Jj— p* s^S & 

j JjLS’ T .C....il */Y0 til j o jiji l jjMi I ^S\£]q./*\ 

.~LjS {jmm Ij ^yiil ^-ijb jl a j\j F i5~l£k.k 


(*—■'J i^rrr- 4^-^‘ j ^—p- aljl 4^-^ : Jp- 

ja ^_a 4_) 4—>• I —i 4.1. 1 A ^jl ji lS ISCktfl (_5 j pw> -AjlsAji 

ja^_j a^ipL~oal> ja o k 4 j aS' acA aLL« 4.^^^ 

C-—£>• ja JjL jJ (Z) <J_p- j) G J jp~ U jj\xiS 4(_$l4jjlj 

,1 a, = m = ./YO (T) = ./VO m/s 2 ^Ijla J.IS ^ ^\j ^Ia^L ,jlJ,L a^pkal. 
-i jH;l ^ OjJ—; a? IJil ja oyy D 

^ • c ^’ 1 a .^ jaa = = —■ = Y/o rad/s 2 

. a = ra- >/to (Y/o) = \/Uo m/s 2 

^ C-a? 4Jibc4 4^ jl 0\jfi (aJLLam 4 «4.,*4 OJLJj ^^a>t-JI 4 L 



f ^ ASxjuO y$ CSy> 9-Ci 


\z.F x =ma x ] F-T= 70 (-1.125) (a) 

\z.F y =ma y ] N- 70(9.81) = 0 W=687 N 

[SM 0 =7«] F(0.450)-7(0.150) = 70 (0.250) 2 (2.5) (b) © 

(b) j (a) jUj^A Ja- l» 

7= 154.6 N j F= 75.8 N v l 

_* l5"I C «*l jil_S ^Ja—>' «JaI—— j_*J ^0 «-aw» Ol_jil ; 

4_? .0-1 jL: VO/A N c5l£k^l .kii .OS' J^>J Ij F inax = jU, W = -/YoClAV) = W\/V N 

.0—1 J?w> J±yi> jjO 

.ij J_a«a »/\ (1AV) = "YA/V N 4— eS^lSUa^l '/\ Jli* ( _ # 5wb— I i_Jl£k*Al i_— jJ> _^l 

fl = ra ^ 4lajlj oJU- ^1 ji .jjiL o ..«>l jj^ <— 1 jj-'* 0^ J v -—^ VO/A N jl £ *£ oi^ 

j 4isulj ( jj I jl total— I b jj -IaI j>~ Cf = |fl — (^ /} X J / s)s. (^l^jjlj —>h— jljjL*(rt D )j 0*jj ^jl*A b jil—> 0 

1 >•*; 'j o. j a i T j »*£ Ja- Ij o£ja- <JiU« 4— «jUjj F = faN < 1A/V N 

Ij T J ij.£ o.iliO~.l VY 4_bU* jl ijlj-I^ tjj-■$ jjlii£ £y i)\y£- 4j C 4Ja£ £ j& ji L tj^O y>jj 4j 





isxiua i-JLsj (ttL->1 lSLs JLo-j _ J-^aS f ^Y 


V 4j^oJ 4 JULmmo 



j o—Sb*- <s»iAs^ Y* kg ^j j>- 4j A5 l^jjL aJL* 

.JjL-*^ Ij j ^^iil ^yL L^ ? (_£IaL^aIj aS" c~J JLi* jl i_$l£jl 

A <.j o—->l o £—^ oJl?- ji *i*« 0 = Y* ° c^j>Jja ji \ 0 • N {£jj *j 

ijlj j <lL* <lU»U- ^ ij!j 

Ij B j A ji 


j* i_jh—>i (^I^JajIj JjL ^I^Lj tijli aJLo oS"^>- <JL« ’,J^ 

&A ~ 3fl + S/t/fl ( _yr~ J *^1 J .ij-w jljSjJ “'-L* lS^jL} <—J'lii J ^_ r >- 

- b a = a G = a fi + a G/B <J~T* J iZj-ii Jp- .bl; Ulil 

W-=r « O-^ J- 1 ^ -fr* J— 1 >■ Cl j ci ^ ^U^Jajlj jijjl 

(i—-< j C.—»*l oVilA* {f \ I j -b>- o ^&pL- 


W' J^- j' j 


o 


«*= <i cos30° = 0.6acos30° = 0.520a m/s 2 
a y = a sin30° = 0.6a sin30° = 0.3a m/s 2 

a v - — > ■ j-j a y j cix j-ti ^yi^L» b Ij 4^w<y j a^-L. Ij |v—iljl jJ i)j£\ 

j ei j^ «iUi-l VI oViU. jl jj^l. 5 j A jjJ j a jl x: jLp .jbLJb 

[ZM G = 7a] © 

150(0.6cos30°) - A (0.6sin30°) + 5 (0.6cos30°) = (1/12)(30)( 1.2) 2 a 
= /na t ] 150 — 5 = (30)(0.520a) 

[SF V = /na J A - 30(9.81) = (30)(0.3a) 

.Xl^ C—Jj jjj Jjj 4»jlj -U- jUj j*-* Jp- L> 

A = 337 N 5 = 76.8 N a =4.68 rad/s 2 



jt^ip 4 j C<Ua«j jjX*j^ jiaj ji l» 3-T <diLit« j| oiliL-l t j^ji ^jj 

0—^ .c—l aJ^Iju* jUj^A J^- jl (_jbi>-l j ^jS j j\ziS jS ”ja 


A J «ij_J B J A Aj4 


^ c5jb: 


[zM c =/a + 2mflrf] 

150(1.2cos30°) - 30(9.8 lsin30°) = (1/12)(30)(1.2) 2 a 
+ (30)(0.520a)(0.6cos30°) + (30)(0.3a)(0.6sin 30°) 
67.6= 14.40a a =4.69 rad/s 2 


© 








cS P-6 


!4j>wo ji j o2^gj o^IaI^I jj^p Aj jl Ojf£\ *05 ^jos***^ L 

[lF y =maJ A-30(9.81) = (30)(0.3)(4.69) A = 337 N v lj*- 

[iF, =ma x ] 150-5 = (30)(0.520)(4.69) 5 = 76.8 N v l^ 


jlJLo ol 5 U 

•)yl/J )9&9 lS)9 At ' (j9»j t-rjfoui <LaA d'/xif'./ufjJfA /, O—T (jii/ H^UuJ (^9/ iJUlf'AM (S^/i /P Jb (jl u ‘ ) ‘-t j Imi -W?/ O 

■>/ljj (S l<f i90 <zaa / m 4U* I/d 

.Cam! -y^ml 1 fjl/j (jT jf^A (J9 4 (J l/b <tLo l Jj (jul/Jjl (jUa tf Uyfl )b <tl Q 

lZa-ua t/jjLuib l(X b C^fA^iA 9 yjse-bu iZAfA j) 9) fS> b)9/i .ma.xd y ^rfYUXyd x jl jjjjbf- ILfflCld ^IaaIaa hJjjmjjj djuMijj j! © 

•M^b i(J A 


9 —A dj^JOJ 41 mmA 

Cl <*-* _4P <>_ > Jj OjL_j Aj aS jAy ^l^lA Aj y\ <_JjJ 

C-C- j—a i^\j—i L fb j )jj -C jI oJ—t4. r . J iiljl —i ^£.01 lj^-*< ‘■*y~‘<y 

,j~-£p *J>« j ^ • 0 j' jy? j!?~ ‘VO 5 

ySj* j »ij-> m i-aj} —>■ .-IjjjI c~-J^ 9 jlji» jA (_jljl 4 j Ij <_jjj 

jl 0j. _ 'IjjJ ^4 *_ * j C. — .■»! oJ—i Vj) O jj>*a jl r aL^U 4j jl ^ yr 

ko y\y O J y>- 


lo-j ^ytdiljil 9 ^Ijil U (0 ^lAjjlj c-c- j-a jj>- : J>- 

ji j oij_*J l ->—-j 0 l» Ij (X t^l^Jjlj v_jliX *S Owl l5jJj-4> ® 

OwiJb O aJ^Ia* jl Ij OJ jlji* J^J Jlj^lll (jl jl jyj* aL^sIj 

o-i* J y-^y y- 1 ^ (*—j 0 ^s. t#"’ 4J> ^ ’j j*—^ '-a^' •(» j .jj' l? 4 

j_. «J*>U Aw^ jj .jC jb jlj5 y J jc ^UjlJtA jj J5Li J^lk* aS" -Ux~a VjJ J^*JI (^U j jJ ^UaaIja 

4_) _ _ ^j. _i aJojIj jl ojIa I .a! Ij ^XjLaaaJja l»~> y fflB XjIjj ‘0< O-jJ s-i-i oib jLLi /OJ ( J jjfi 

sJaIjJ JLAa AJilnA £jjy*a Aj aJjIa* ^jjl .Jjlo-Li e^b (jLLi O O 

a = a G =a 0 + (a G/0 ) n + (a G/G ), 

:L XjjIjj ma ^UAiJ y> jjili* ^ 

ma a = ma m(a G/G ) n = mn» 2 m{a GIO ), = mra © 

,c-l a = 0 j (0 = 9 jl jj aS - 






,oLj>I v-SLJOLj-j _ J^9 f^f 


Oy j 0.x j O J j>- jl ailii-.l L . O y j O x iCc jl jUjLp J<l-o jLw 6 ^Ijl -u 

ji j ojj^J «_ *jl>- lj 


\lM q = Ia + I>mad\ 0 = m(ko~r 2 )a + mra(r)-ma(rsmo) © 

.JbTjy. c—X a VI ^Ij jl O 

c ~.kJ> j iSj \s a j\ jj£\ 


a =—smG 
kl 


\(i)d(o=adG\ f (od(o=[ -^-sin Odd 

Jo Jo k 2 a 

to 2 — —-y- (l - cos G ) 

*0 

0) = — -Jlar :G = Jt/Y ^Ijl <, 

ko 

J J* jl 0 jUJU j* (_slji Oy J 0* jj £ IjLl j> 

! jtl O x =ma-mra) 2 cosQ-mra sin G 


<uir /, -v n cir . i „ 

—— (1-cos0)cos 0-— sin 2 6 

ko k 0 




1 -~ 2 -(l + 2cos0-3cos 2 o) 
ko 


O = mra cos G-mro 2 sin© 


mr—sinGcosG-mr (l - cos G )sin G 
^0 ho 


'-j— (3 cos 6 - 2)sin G 


JlJLo ol5o 


,<zawI (Jiufiw t-rJ,) /j (jlah&j Lfj 1/jJ lIajjj! h/jSj O <thJj 

/l/f oc (Juua clam y ) O <Jy* (jLi/ji & u ly mra /*f^3) 

yff.fj^yt tn^ik ly kg =k + r 9 tyf i)liuu! /9 tu Jl&ll <Jus ;/ ,a M1 \ put O Jp /9 tijifQjbti jw >1;T <Uuup 

y9f* ly B CAwyJ yl B-l (JJ1&) ,IZAUUJ built ]lulf'<tk/ly (j./I 

•fiff 'yliitul y 9 bitf'’/'fA (jly£. <0 O l^jUuil b 1-f" nhjly yl |ty'Vo* 

2M 0 =I 0 a+pxma 0 

rma sin0 ^jI^j p x mag 9 I^a — mk^a >jl jSyb& ivII&a yl y&> yjduu/i fjyUu (jf /9 <f^ 

.yjy{tJJ(j£> mCl y 9 mCl X Qjlij ly ^bblZJybt' ^yjUJ 9 y 4j ^ Jjjjjju QJXUHjJ 


o 

© 

© 


© 



fJ jL*- 



^14—»jlj \Z*+£'j —-m Lj dJL_Ji eib (jUL> ^LwLstf.3 \-YC 
fj-^r j-^j* j J— £y Obj J Z jy J_p- Q) >^-{15 

;J fi\ .J —’Sy C -S 'y y jlj— Z>\ j3 Vo vl«Pj— Ls y\0 

Ju ~ £ \jj <L*sr-y* L i y^ s T‘ <!«>■ j yy* 4».Li »jIj jLlo >JL— 

^3Ij A jlks 4_jLi i_$I4x)I j 4jjj? 

441—1 F Jjljj 4l*?- <Jjy (_sl4a»J Ji U-uUii <J ^ 
J »i_j—; A; j_jI j> Z J J—>- L— l .13 (1) I^jJj ^lol .11^ 


^'loJULO JJLujO 

JjL1x4 m {j-*? a —> y>-\j£ i JSLi gy> <ijj ^-YC 

4-^045 cSjj ^ A 4xo ja P JUfl _^l JSLi 

■4 lao o Jx y.j* 4L»L>- ^JjI 4_jL— 4i-S^^>- o 

.JUS Jtt ^ISOx^l -,l .IIS' '—U- I , fi 


p-Ya <u— js-i 


4 p Jj_L> J*-\j y fy j l J<« VY1 

^L$ ~il i_S \_j ■ * - ■ -I sJLl oJblsn-j jy\j ^ y l{ b J*j* L ^i JJ* 
aili jl— 4l ~*iy j3 0j£-*> 4lJla- jl *J*ji J 4l—I 41 jL 
•Jj Jj\ 1 1—sjb lj t J»^ j£ J» CC <Jjl 4_jl— .33^ y UJ sJLi 


p-Yr < 11 — jsli 


jJ>\ j-j _1 JjI lx« m ^y <4 L 4L* VVi 

4— < £_> J— 1 < _ # — 5ii 4 _j>*jL4» j— ; A 4x0 j 3 P iJjy JUpI 
jl 1 ( j—wJU lj A 4 ]a<> 4 Jjl i_ill_lr . 1.. % y 

yijJ 4JL» ^Jai* r4x~s ilxjl jl j »3^ JaU3y> i_S’lS4x s »l 







^ j-3 r\9 


ji r Mt 1 ~~t_jJ> Jjlja- *VA* 

,jij—<J JL>- ji A_J iL jJa>- "\—aLl...* 

■ J-ili AJL^Ijj 

•jIj j L JLi ji jl ^*1 jtk *VA^ 

iXsii.^yi Jj-> jl-l~_-t ^Ja-. ^JJ Ji j J-h lj o-Li 

*—»j^ fyr *S x£ I j J$\s>- A t5> J> 

ji ‘jl yL-y *—4* fj-*" J oi y ^Ui’l JjI» ‘A-aL>- (^Udjj j 
■i—^S ijjtj-> B t5^y — j*j*~* jl c $j* j* J l-^~*l 

jJ {j-*? |*I'*A J 11 jl J’l**!' lj A—jljLa jJ A£aS" 

lS L^Ja^sl J 51 JU>- .O—»l j£y-A ^la-. 

J~* ->' kSj—^j^r ^s- ** A<* 



f'-A 1 <LmMaO JCl) 


j— o ji v £U_J» j #i ^j—>■ 4 > *\—AY 

OC-J—. t^ljb t-5L—Jj £\ ./? £l*-l AJ jjA* ^ 
jjlj uSn——jO j-j ——• l» ■ - j* A? /V iJ_iL (0 (^lAjjlj 

•■^ lj 


dSKSutS jj >_JL> |oLl^>I 

cJL>- jl JSL-i j,Lk« 0 Jw> Ail lji-1 VW 

4 0 = i*°/l U»J t5jl^-i jJa— tSJJ ^-i jj£- 

J G ^j-=T jf j* v 1 ^ ‘- Li li /4 - * /Y ’ J Ms = */T* 

IJ Ajljlwj Aj jlj-jJi ^Ja— <—# _^Js» jl a J_i JUtf-l iS\£la^>\ 

.x£ 



f’-YY <0^0 JSLi, 

‘0 = r*° L, jL, y_;l lj VW aJL:_- “\-VA 

.x£ynk~ •/>• j^ = •/>« 

jy—-U j ^ 1 J ' * kg fV=r V i _ r >y r -\-V^ 

— - c5jj j—* cJL>- jl ijl O j-S - y Jj-»- ^A* mm 
J\ .ijb ^ J.yi i Jdi. JU- ji j ii/y l*j ^*° jl-vi 
y£j* do a-aI * '« »J-iL /i* = 'PC' iS\£)a.j7\ 

.J~S lyll ^Iaj jlj j O 

do = V/* Y m/s 2 j a = V* A rad/s 2 *_,!\yr 



r-V^ <LU- JSLi 






(JjI—ko F—Cb 


0 = V.° jT = T> N ^Ijl *_, Ij VAr *k-A VAO 

a= */UY\rad/s 2 CCW ^1^ 

a = •/• YY1 m/s 2 ,_»>■ <. j F-WAYN 

4 —^ -L^j^« (_£l<U?-lj fj Lii jJ O^lj *\—A*\ 

C—S'lj *plo ^UjlJb- iC-»l jj £ Jj 15 Jii <oil»- 

4 —; lS ^—>iA J 0 jb Ij 

II jL; 4 i« ji C-Il>- 4 j I <L ~j oJl>- jl Ij ajljl^- <0»_J jJ ^Ijl 

_^_jl ji Li XLaj icJL>- jjjl ji j eijjl jj 

jl jji 4_:ijljl O jji_j_J 1 a c-Slj c~»li 

•J—- l*j c5lj jl O jJ i IIIcJU- <j jJL«*j .Xb£ 
(0 j .Xj—lJLs»- C-SIj jl tjlXf <uX ji j 

o jl J_>- 4 —wJ .XiS - ^ * ° >-■• « . < ja ji I j l*ejljl»- 

J y~ jl Oyy^jij j G ji jl ^j>r £j* j **y, m jAji 

.c—I ko j>\j> O 






OjJ.3 JSLm-o 

—>■ j T* ■ mm £b>—i 4 —i “\-A T 

J j—>■ k — wo mm _^jI_^ *Ijjj J- i_£ljb kg 
*—; j-^r* (*—* x>-^ j' iJjj ^ j cA'-rr j*> 

<^j jt—j 0 aj>_jI j cx J£-1 -ijli v® mm ^U-i 

j^l .iJ—(Jl—*^l jL i JjJ 0J i ubl> <J T i_jLL 

—i i J.—ib /J* = •/•A j/4= •/>• t 0=o J=r- N 
i^l—SCLu^l j G £j> ci L-ilii CC i^lojjlj 

,*\jS i Jl»^l l5L-jo jl *& Ij F 

a=Y/\Y rad/s 2 CW v ly> 

a = */iY« m/s 2 c—Ij c-w -u 
F= H/TAN 



P-KV* J5Lm» 


e = r.° j r = o• n tfiji ij VAr Ak~* vai 






ttt ^j—^ _ 1 AB kl- _ 3“ljl^J I . J 4 _l.iwfl *\-A^ 

V L. J_sl jj ij> <_st$ijl ji <-Sw- 

C * > Un i jl jl A <_£L$-jjl a_S I _ 5 _«j_ j J—iS^ c^S - y>- 
r ' jr-* tr^ 1 (j-^v cSJJ V £jj-i 

jl l j—‘ I jA l5L_i!p ji j?~* jl ai jlj iSJjt 1 — 

^ J' jj?* 



c 

f'-A^ 

Ajiiljl o kg ^ c*<JL* jl A ^L^l 


^1 c-jli cJLi j!-ii«l ji a = l m/s 2 L *S ^IaS jl» aj 

jl jj—p jj 4_ L « j^I .C — ^1 oj— i Mj—J ‘“^(^* £*£j>- 

i j— il (o = Y rad/s <jl*-ijlj t£ljb ^Jli c - . « .i>j 
aJo^J ^jjI j j lj A a! ax) jj aL* ^ ajlj <_£jj«j (_sU4iJ_y. 



• <Lw (JSL.ii 

J3 ia_- jj' / JjJa j til f j>- Aj i Ji>-\j^j (j>ljJ *\—^ \ 

»jl_> jl_^l_> B JjL_S j£l .c—J o-Li jljjjl B j A ji (Ji^ 
(j—j**j i jxi 8 jL jl (j*j aJUoIj'Aj Ij A (J^l^ ja T j~~S Ojji 
J . *a j Li j j 413 ^ Jaii ji l_SL jL <_$IaL* 4jli« aj Ij 

.XiL^ jJ Jjt jl JiLwt aS* 


Asxjuo jC> l_JL» |oL*j>-I u 


*—I (^A* 1 cs'«jd'i ‘-^i 0^" J j *^ - AV 

.sS ^ Jl» fl! aj jj L I j /? j-LlJ. 

aS’ ,_j*Jj 4 Ij u-ap j jL*- (_jU^-j>- Oi>- Aj (_yyl3r (_5UJj»Jl 

■ U —~lS (j~J»j tC...»l o (i—') j V = ° (c_i)l) ^J^jjl iJL^ 
JJ- 9 '-* Jj- 9 ") Jl ( J i^ 3 * (J—"jiil JL^4 J «ijj WT (J;w»jjl ^J^- 

/? » .A—J. S (jjij_3./ j_il ^j (G jl ojjj |*jIS 




f’-AY <JLLu*- JSLi 


ffl {j 3 ? J / Jjt Aj (jls^lji^j aJL. (jjUx* *\—AA 

O— ; .O jJ ji J^l .V*. I«<l ajjt / ^jjtJj Aj Jj-L* AaL>- Aj 

j (j-iil ^Ja—J i_SLj J^jj Ails- j aJL» aPj«m mJ-i «ab OLiJ 

(^Jj;_i J l_S"lSLla-_ol (^JjJ jlji* l3jji bkj jjSwi oJb- jl 

(_£l Jj i^lSLla^l jlai. (jti* 9 IJ A/ |*ib Jj»j<JI (J-^Lp 

.^1 ^(jijAJjl ^JjLr 



?—KK Al im » JSLi> 



f JjL-wO ( jls>tl 



t-VT <11— JSL, 


i / J j—)o j m ^j >■ 4j <L< A (_$l$ll ji "V— 

jLr- 5 li A: 1 - ' J - ! J • J — 1 L&tJ? '&!*■ 

j»jL* c —&±y ji cJU- jl jyj* <L* .C—l <ii £ 

.XjL> Ij A *Jjl lA J 




mg 



I 4 l«*MO J 5L A 


l Jj-U jW f/ >^ 

4_l J _J l « Ij < JL » J «JL 


jjSCjjL <L« ^1*11 ji <0 V^Y 


y IjujI 4_JL« <_> £\ x _ y ^ybl jLi j>- 

jjlj ^Laj jJ oij? JI—pI M jjLLii" iC—I ^£L. 0 = £ 0° 


*—> gj j —i 4_L* 4_S” I j 5 j A ^LalSLIp 


.-LiS” iJjUJ^ 



f-ir <n— jsli 


jlj_£ L*il y liJu~ vot <h_— oLjjj VW 
i5' 4 —ij'j c-p^ L; /4 J—xi» Jj-?- AB ^jjL; 

Li jljJL* jJ-jI j »3j— L jl jj> 3 ^&pLol c-f>- y Y rad/s 
<o_Jilj«£ CoLJ 5 J^L. /I .juL^ i rad/s 2 jl>< 
Ij BC i5jjLi 4_i /45 jl »JLi JLpI Mr jjLl? 

«_ill. <— Ij jl j aiy t kg jj\jj BC iJjj\j ^yr .x£ ( j —£ 

.Juj*£j jOi j3 o^MjX^j lSo jL oJL* £, 

Ms = r/oo N.m CCW ^1^ 




tfU-jjlj Lj ^L-J oJu* OA JcJ vw 
.jj^. jljjj j_ / &pI— c^ _>• l/o rad/s ^ 0 ) o ojC 

j-0 j—i -sj'j cJjj^ ‘C—.1 ^1 OA ^ iS'j* 

< jI_w_j>- Ij \ • kg ^j-^r *—> AB <L* *j B Liw- 

JLtf 

5 = n/i N v l^>- 



ffl ^j_a- <Lj ^1J-S" ^ j3 "\—M 

Ja_j ja ^—> J& 4—; l Jj-1» <—; >-. L<> <JL< Ja—_>J 

jjjbl ^ r l a .x (_£jj J> t) C^£-j*A L <Pj^A«A 4 JSLi (JjlLt . jjlojJi 

4—1 .1 itL jLj j ^yLS' ojlJ_jl <j V c^s- j~» jS\ .33^ u* > 

<1—*ij? l_j 40 Jj-S^ tSj—j Ij ~U „ A <5 oT jl <d_4 <£^ j>«j 

Iij jO*--* 0) (^I^Jjlj OPj—' jl Ji^ 1 X ^1 3jj^jj £*]a.* 

Ij 1—.JJ^ 4 XS \Sj\j ^rla.jj B *£ (^l<laaj ji 

oJ— ojLi 4jjL^ii^i j ^lij ji j£^ 

. JjS" OL Ij j^jJ 


f’-AA <LL*o JSLi 

jj^LS"^ VW 

4—-’ll—Jj L_J j j£—a 4 OJI—A- jl jJ-.LS' 4-^ ^_J*ij* J 0J L *iljJ 

La j j*jl—5 C— jl 4-LLL^ 4l —£^>- *j £jj-i *A m/s 2 
‘-^ jil, ojU v toi ^ o^ ^ /l 



fj >■ ^Ijb AB c _ 3t.\ j^j 4 _ 5 ojl—j a_L. V^O 

CB Ln _'•.•■!’ ia_jjJ j o-Li oJjlj OA i_^J ia—jjJ j oJjj */A kg 

OA /I .c—l <u_L^ xJu. 4C—I ^I—pI Jj15 

(_$l 4 __jjlj c*s-j —« j cie = t rad/s ^lo—ijlj *_ jIi —J j (_$ljb 

j ij—ji ^a CB j OA j j 4 JLilj cy 0 = Y rad/s 

4^L> da>J ^jjl j3 Ij CB j> Jjlj i SJjt“ t-^Liilj^yo AB 
yS > oljJLP 4 _h A jL^I j vr jJajlj j| oiliL-l L ,-j/^LL) 

(.a^ Ja- Ij 4li—« c5j^ jjLlS" 

BC=l/*rN ^Ija- 



J—“ C f''-4?LJ J^-9-j*; ,Jjj J, JJ*J Sj J3 

<s£ jl 4 3 J -£ Lf -» jlj_i OjL^oI Jjj—« j~. 4lLL jl *S OLJl 
*—5 r £l*J. j m {fr <i ^jjy c~*-\j£j J$Li jjjS’ 

4—J _^l OjliL-l 4oJ_i Vj) (,02j£ ^>-lj) JJ>Ot 

JLa- jj Ij—lI *S O <L»j j3 jjpxa yA 

l^l<—jjlj 4—>b—1 i^ljf (^I<1 a;I j 4Jj»l oib Cl OjU 4_jLi 4il_■>! 

4 —i_>'j j' iS^ <j j~\ (0 (jl^.jlj Op j~» j j~> a <Jjl 

*—; 4 J—J—i 03^ *£ x£ Jjd>ji .j y~JU 6 ijL*-j>; 

. 33 £j JUpI jt O <lutj j3 (_ 5 jjLL? gjA <5 ojj1» 





<114*4* JSLi 






JjL^o P-b 


*0 O Jj—O-I j C~*-~S j£|**- 

.JLJ^ i. 4, i y (l « 1’ij l - XS \ _Jll-* L jL^C .llwil 

4_» C>~J I J 4j J jj>-jJ V C-P 

t r = A* • mm t r = io* mm 4 m = o* kg .jl^ 
v j Hj-Z Ijfl = ^'g j 0 = Lo° lIco= oo* mm 

u=u/vrm/s v ij>. 



f-l • I ill—JSLA 


Ja. -w i,j £—»-* _j jjj ^ta: 4 t_.«C 4jda3 A— \ * Y 

CSJJ c—-I J—fli* jl <^l>4—1 £ 4_. <__$■ ^Uc&lp 

«-ila* jL^U B /I .c—I .a/ 4X- ^1 ^ 

.XzS (j***! /4 4-1^ 4*jj! j 



C-.-«i^ 4-J 4_S" Ij ^ji-J CO ijlj C~p^ 

£y = V\\ rad/s j*. 



JSmi 

u$n — l ip la. ..^^j \ 0 kg >■ 4j \ • • 


J* ^yiil ^ J a.. -* ^ ^ <laAj ji joptl ^ <«■£>•jfi 

^_jl_5 j B l^l ( j*j uS'lSda.N*?! ^1 .«JLw>I 

jl 4 L* I j ^4 cJLJ«tj •/Y'* 



?-1 • • <JUm*o JS > A 
<u> ^jij oL-^JUtf 4x311x4 ji V-\ * \ 

^Ufu^-u i ^l^Jk (j $JJ >-jJ 

Oilil—I 4 jL i <U^J OjJj -Uj^k5* jl (^L*j 

-^jStS Jj* J *0^ j 1 — 11 J- 1 * ‘J^ 1 

t#*L; CjLJ 4j O jlj J^OA* 4S - ^ 

4_S” in ^ *i j*—■>■ 4jli« <j jx —5 j sXU 

j£j» .j_j— 4 — is^ _pij jj iC~«l »xi Vjl O J jp- 4JWjl 

,ji>j—> ft-jLS OG 4J_jl j|»n*l j »ijj G Ox jcVLi c.^. _i 4 r ^- 


?-\'Y <11— JSLA 








vlJ —J tS ^ A —ijlj Lj jj-jja .XJjb fj-?T */AY kg 

<->*x ji j jljja • • rev/min 
-ir^*(Y jtW « W;r rad/s 
jl j xPj* Ojj j* o*j-£ 

iL>ol ^Iaj j** a^-jUL* j$ jXL~* J>*b Jl 

0 = ^ * ° JU Aj jl j ^1 ji I j A ^jaJ ji ijlj <^J J^> j\ XL« tdJLi 
"V—Y* A-Jajlj ^Ixj jj\l^S aX#Ij jl .JLJ^ v—>L«P“ 

(.J L ? coli. 1 ^1 ^*?jjllJL? j£jljlP Aj S jLl>-l L 

A = >0YY N ^1*. 



v_SujLj 4 L. ji jl /n ^ T p * mp ?~ ^ 

ji j?l .XloXi ^ aS" oXi J^^SwJ jL*£j 

Ljb J jj£ —w*» cJU- jl caXi Oib jLX C^Jj* ji pjli As»»jLj* 

j j^U ^j-^r jl .xx£ lj A 4 _ \aju aJj! tij-i 

.JLlS' jlalj l5u!p c5’ISUx^I 



G {j-*r j-Sj* <i s/jkS Y. jjl^ub ^ VY *r 

jj*y ^j 9 ? .xiL^y* G J j>- Y • Y mm j j^l^j £lxJ# 

Jj-* «-i Y *° t5jj ,_rij—*J Ojdi 

ajlj OPj_~» teJ .t »j|j jUL> C ' a Oj^ jj .Jtdp^e 

( j—jl jj lj —>- »jjl_j f cS!S\lx*tfl (_^j.o—*1 r rad/s 



*■-» -r < 11 —JSLi 

l Jj-b J ffl ^j->- 4— < ^l^jjL <JL* "\— \ • 1 
t c—-I J—-ai. JJOcS’ <_,-£>-jS' jUl&Ip el^*jk 

(j-L-eJ ji ^Ja—x> L l_£zlp (JjUxe 

c^dp (Jjj-J ,j» Uj CJb- jl (C-J 

mj j OJ (jjLje L_Aj jl 4jU^li^b I J <JL. OJ (^I^Jjlj V— jllJi J 

.J^ 


M 


f’— I *f 4l*m» JSLil 



^J—>■ <> ^yls-lj ijlj^l jjjy* l-So AB (j_jjUe "\— \ • 0 

jl >i j 4J >-; G j j >■ £j*tS I j' J * kg 

I—P_j^>ve jl A j jj T .._ o . YA mm _^l^ C7 J 


f’-1 4l * i«i » JSL& 





jsi— 


4_JL» ^Ig—lil Ji i_Sl—;>-y£ ^Ial^iLp ^ *\—^ * ^ 
jj <S ^LajL-Ji J_aMj Ji JL-i-Li* y j£yLS - YA OsMy^L 

4_S' jJ .JCuit oJ C 5y £ jly_i# 0 »jU« 

j £cs\ ««jIj C~f>- ji *JL* <_jI*j jlj '—**’y 0 =y >0 

A jj UkJ^jJI t*JL* cS^jlj .c—-I Y rad/s yly 

Y"\ N ^_jl y P (_5j jJlj c^>*J I j B j A J»Uj — ’L^-i j B j 

J )a’Ay ^y>- j i_?l£ia-^l jl .J^S Ij 

.-LjUk-j 

a = u/rv rad/s 2 CCW ^l>>- 

^ = W'0N j Rb= VY• a N 

cu = n/oi m/s 2 j Ob - WAV m/s 2 



£-1* i t^ljb ^ ox £j-?r *—i ^—Sy* ’_}^ *V”^ W 

S jl J jl——j 4_ »ljl 4_I JLill^yO O i]aAj Jy ko yly <X 

CJLj- jJ J C. - «l oJ-i yj 4jbljl (O.Li 

«jb a c~i U j^iil t-jliJi <jIjI <j-ai^jly0=ojjjj y£~> 

t y n ^U-ui) y. y 6 (jl^-ijlj L-.b—i <jl y ^1-da.lj .J yy 


8 J^ 1 • J -r ? j-K~ & J 1 (y-^ 1 ^ *i O jJ Jjlj cSjyj 

^ -c_.U»* t JL— Jf j> jl 004$ tijl-ii* yS’l-t*- .xiL a = '/ o 

.JL* 


0 = — (acos0 -gsinfl) 
k' 0 

O, =m{g sind -acosflj '""~T 


(gcos0 +asin0j ' + -^- - Yg-^ 



-Y <Jb~~ JSLi, 


J iMf y—>■ V J£—1 £-Jy* Jjj V-\ *A 

oJ—i jljjyl 4^bl*4—iy? B j A Ja~«yj jvJli *s*JLj} 

•J-iS^y* C«—?y>- (jil aljl»l jJ lL-Jj C-»^ <j l) C-Py-w Ij J 
jxJ; jjly jl ^ Ij (3jj jj Ssl* j* jl jjlj (jjy 

Oti" JJ-* - * °^“ 5 *i B 



\i 

y~ i • a <i i i »n jsiu 




n £jj (jljlj tSjL-i ji —-J <-£1»£j>- ► *V-\\Y 

*—> Jj>- jj jl <1 ah jj «obljl l^jl jl iS L^tl 

i m ^y>- Jjb e£iljl jit .C—I oJ-i J-jii* Jaox 

jl h A l., » li Aj jj*j>~ jfij* J A <la<i Jja- k O j—<ljJj 

O ji ililjlj Jj— >■ «jL- ju\ jlw. .XiL^ A 

la—y^t jl eJ jl J F ^L-* ,JJ J J ^$\j! ,J Llajl j .C—*1 Io y\j{ 
*Jjl (J^jjlj <—>lt*i a£jjj}o Aj Jj jj I Q.*Jj C <kaj ji £^»- 

a~j Ij L&i^jIjI .JjLj ^L»*j 1 j^“-It*- jl lj ^Of 

>—jit— J j J-— S* J-u 1 — O-ii j J_J^ {y^JjJ. B j A £jj Ojj~» 

<-£—b^jp- *—Jjl t^l^-jjlj >—>b_-i Ij Ij IalJ&IJI aJjI (J*ijjlj 

£jj-sr ^1—I <—j j^l •'<>■jj') Jjj^j jl—^J 

«l£—I jLJ (_$ < L<l JjS <_£JL»£j>- t^j «^j-jji Jl? (ji^-ilj 
cSLii^ p*i .O^L, U<\r JL. Jj /ISO Jj JO Jj. 

J_^ Ij ^ v r L-£ ^eSob-in tro. ft 

i> ^'' J*l? ‘O*'jl» Ij Li_£Sl;l j h£U£j>- {j**y .3/J. 

*—j jL»u jj-jj^ l5v— i Ja—.jj <»£ Li£ c«S^>- .o-ib jjj 


.(cJti 1 j^lj I * • • hp ojJi 



Hir <ii— jsls. 



lSLjL, *JL. ^1*0 Jj ^50/ ^LeSbip ► V\ \ ♦ 

jj ^ilj J£-i csl.j^b jL_i Jj ci/- <J Jjjj>4 (^Ij^j. 

I—»j »-Li *ib jLL» c. ; «i jj. ja <J~* /I .JiJilj^ ^13 a^Juo 

J ^J—:>- jl •■> ; « *> lj-j^ Of ^-Jjl t^l<-Jjlj I—jll—i ojJ" 

.Xi£ JaiiLi_Sbip l 5'1^0»I 



S'— 11* <! * ■■■» JSdi 


i-Xj iJjj jl Ij jbjli ji-ljlS 1 <Jb^J ^jj ► "\-l I I 

jlj-j,^ Ij ji~jLS" \ Y • Mg jL jLU jJ^IS - 

ji —»J^ J—l«i _)S G £ J* AJ Jjy JJiUw. AjJaj L^J 

j »J—i jSl* ^ bU-i>- i«J—i «ib jlii c-jJ 

j^l >1 «J-j ■oj^ jj*jj i jj^*l^ j>- jl (_$ jSjL^ C~f>- 

tJjL*J J— t ip aj £jj£ j »xi Lj jl^HA 

Ij j j: *l ^ ? "j^' *—i »J—» Jl — » pI F l5^1^Lj»I t£jj*> ^ 

<^->l—>• i^j—Sjs j\A (_jlf^j^ - jJ*i ^jb- jl j_^*j <L«»lj^tj 



f- 111 4 l«iuo JSw» 




&*& iSjjA 3 P ^9J ^ cr^i 


tSjyi 3 J*’- B 


lSJ^I 3 P ^'sj 

fj3 j\ja j oji (_^j <jl£j>- ^1 _,j _pl j jlS - X—V j f—*V ji 0>lji 

ji aS ^Uj^J _pi jl c£y- ^k^y ji jjl aS j*- 3Lji ji 'j (*-» ^ J-**^ 4 ^Lp j' 

Cj\j~»5 ^ > : .... 'i ljj Uj^j Jpj »j*Ap <» .XjL^ ^yLLl ^jjl tXiL ^-jk« ( _ 5 ^* cS'-£y'~~* J' 5 .***! cS^ 4 ' 

jijjl C—-X li'j-; >»■ _p -(*cdL*-> >»■ *-*y. J 1*^' lSj- kjj-- ^ b '~~~ s 'j *" 

OJS' ^3- jL^j ji jl jl ,J J-S Jlj£jl j l ^~*S Aj ^jU j£o <£$ y\ J jlS' ,_ji j j jl eiliL-l L C-P J~t Ol J~ju 

f :♦«* l- JL - g (*—>>■ CSy <Juyfy ^1^ t^jjil J jlS’ Jj-rf>l aS *J$^ Ipj ^b^ 4 ' jj 

.Jj yj y oib 

j *— pW- J ;—ijjp ‘is- ~~3 r c $jj-j\ ‘jL-^ (*^l—i* j i-ijUj aS iyy <y>y LjS j*r*-*j jj j' Jp 

U iji j*-aI y*~ <y0j* .jj yi JJjA OJ.i Aj JjJL~i ^\pA ^"“V J V—"\ ji aS lj j!jj J yj\jyl£ ^Laj y (i^o/VI 

<-£ y ~. - ' ijy> ji i—l J i-T l y{A i jZSy ji .Xl^A L«il c_>L g ^jjl—• Jp- ji Lfrjl ^j<J^ ^I^IA ji Jjjl 

'y L> ^(.f 4 v^ 9 f^"' J 4 '- i f>^ c#^ r 4 J* ^ 'j ^ -V J j^- 5 ' lOlji 




.Jjij? JL» y m j Jajljj j uT^V J 15 (J^^* 4 *■! ^ iSjji’ ^l^wl jlS^ 

U = \¥-dr L U = i(F cosa) ds 



dt jl—*j oju ji F jil ^Ltf> jL—^ ^ 01 aS* 

^!ju>I ^ F 4—jt^lj ck *<Jl £-jj\ ^jI J\SL,\ Y^—Ye 

16-Ui ^l>u>l jlS" cJIpI .c.«»<-'! rfr jiJLiU ds j 

(jl vT■> ^j>* C->JL* v—.l.^g ^*5* M 

jp £jj j* (*—r a jb ^=^6 JjjS" ^ J5Li 

dO ojl-LJl a_> |» .«.>• dt jl • j oj—• ^—1» ji ._LajLu lj OS'j^>- 

.i y^y /4 / fi / Aj AB )as*- j tXy-y~ 


4__ia^-^L« . /4 J dB ojlJLjl Aj jljj^ ^j oyx i jAB Aj JUXiI Jjl (OJj^ jii( ji ji lj O-SJjl (jljjj^ 

^1 >ul ^aJUi- jlS’ AxJj ji .XS^y* IJ j^Ji iSJp P -^ a * 4 _V •*^' ^b»jl jlS tjliljl J^Ip- ji i j-i^y* 

Jl—*pl ( jJL_ >"j^ <—3^1—>■ ji ( J—j jS j^l .0—^1 dU=F ( b d0) — M dO y\y ‘■^'^(_y 4 , XS y- (^Ijji ( j~ 5 'i l#* 4 ^ 4 aS eJui 




^.*.... i J^ai 


Oljlj_4 d_j ^Id— >Jl^3 dS” M Jj j£ Ja— y aJ-i j\S jljjS <-& ^ eJLi ^b»jl jlS" JjJ. 

:L o—-I ji\jj iC —-I c*Sj>- <>Ju0 

U = j M dd 


jl O-S” j>- £y «U*» jA (_£\jl (.J. 


-Mjj OV-J J* Oji i_£j j _^JLo>- t£jj\ dJajIj jl j yS I 

ailii—I t O .il oOi e^b jLLi *\— ^Y ji dS^ d>ii^ jj 




(a) JUiil 


(6) c-U J,* ob»-» 

f--\r jsLi 



opj—- L jl olji dJS" j tiy mjl fj? *£ -Uo^ Ot-l» lj Jlj&l JU- ji V^Ya J5Li .JUil (a) 

cSL>' a p— ~* r J 4i _K 7} = 2 m i v2 (*-—^ j' m ‘ fy ^ y c5 <iy>- (jj^l .XUS^ OS'^ V SjlLj> 

:L .xiL^ T = 'L^m i v 2 = ±v 2 Zm, 


T = ±mv 2 


(VV) 


.0—1 JpU> JasJI LJ ^>0 _j JasJI Jl&l ji y> dlajlj ^1 

O jl oJ-jjAS" OjL! jjs*v Jj->- to (_$ld— j_jlj opj— L V-^ Yb i-JUs j*— «=r- .OjU jj>a» J j>- (b) 

(•-^ lS'jH OiLrfLx ‘ 7 / =‘2 m i( r i a) f i' 11 --• m i fj-^r *-i eji -X-^ 

• * 7o =2wi ; /} L c—-I jjI^j 0 oU-* Ul.T 1 = -|-C(> 2 Zm i r i 2 


r=i/ 0 ( 


a-A) 


aS - ^ XAly- JilxJ U-i ^jb zyrj jljji j Jliil ,j\j) Lf ^? r t£jj\ -lajljj ji dS - dj 

.C—-I ^^Svj dJajtj jJ jjjOUji 






A«V 3 -Ms; 


A-lasJ ja * S’ ^U- ja 0—1 **>Jue ja o£ y~ ^Ijla V^Yc JSLi i_JLo . 0 «i^ ja OS’jP- (c) 

lj rtij fj-*r *-> «ji l>i Op j— .J —(O pi cS^jlj C-p y— j V ji\ji G ja ffr j^O pj— Jeu *jy> 

ieJ—i eala jLU j£-i 3 J }^ U ‘ ‘Pi <W jSj* Aj O——j OP j V {T? £j* ^.r" ^^ 

|»->■ olji ‘t_JS" l £7; Ojj—rf» Aj Ij < J—9 n > • L ^....; ’ . > - (_£jjjl tl$— j L y~£ Oj->l5 lSL»S Aj 




T = I. jm,vf =Zjm ; |tJ 2 + pfo) 2 + 2up,<ocos0 j 

■O-i/ jjiSls L^Jl jl jl y^ iJjjIa £j**>*a ^j—j— 0 *>L*p- •ulS’ ja lS~ j i2~» jji» Aj V j (O iiy>^ 

•-^'l# 4 J a -u ijy f\y^y> OjLp 


a>vLm i pj cos 6 = covI.m i y i = 0 

:jl o—l o jUp t_JL g jJl jj— . 0—1 Swij}’; — my = 0 aS Lf A>tj\ jl 

:t T = jV 2 'Zm i +^(0 2 I.m i pf 


\ T =jrm ) 2 + y /ft) 2 


(VM 


^ -*— # ‘- i ( _y 4 O '—*—> cSj.r'l ^lajlJ jjjl .0—1 jl ^^9- jS^A J_p- (*-«->• L 5* - ^*d' d)U-» / d)I ja aS - 

ijla j *—pt JS l _ r ^r jJ ^Ia^Up- jA jS^ J_p- Ct> (.yljji Op^- j ^ jSjA U JI&I Op^ 

.Oili^ 

jl .a^S jL jJ Cop j— jjJj ^1 j^ j* J y C-p v_~~9- jj jlj^^ b o^> ja OS’ ^9- Lf 2 r ^> r _^l 

Oj3 tjl^-* l» ji> Cijy ja JL— y>»— *\—A jJajlj oLjI *-> *S >JUP<^ljl^ 4ia>J jA j} C *S l>*jl 

Ij a_9»a^ 9 ja O ^(_$l^JLO- jjl _^>a ^jjl ,x£^ ^j^P O Ajani JLoU <la>J ^jjl J J C 'jij tajla (jlJU<x« 


T=il c m 2 


C\-^ 0 


j^l 4_^ a^_—^ 4—la9-^t« JLj>- .|*_ja jj\ o——J j j* L y-r J r i5^ Ij ^»flj i~Y' ,_^>w ja 

Qpj — i — 1 Pi 1 — v L/3 ^ > • -IaI_ p- *1-^ JaUp (3_^i iJL—L i—.l./? 

—*p«-* OjLp .J—P/tu jlji* aS^ O—<1 (OXPj >_jjla_^ j^y. j ei y {ST *• — ■ : ■■■ - ■ ' aJj^J oji 

.0—1 j l-l aJojIj ^j— ^jjUaJ aS - tS-jm^Pj-to) 2 =^(0 2 Ym i p 2 = y /<y 2 :aj— ^ t-t aIijIj ja 




4j?ia* 9 u l g |oLo-l .-SL o L»— _ A ♦ A 


( 5 j^I — jlS* <UsU« 3 JmaJLj 

4jl-b .(S' Jyi,y cSjJ blj .J-i Ob J— <ail 4 j r-V yla^j Jj V e lSo-^I J-Ob fjj yl j V g AjSU- J-Ob jyl 

V"^ Jr-’^' cSj>' y aS" o—l yi j Ojj (^Iaj jJ, j>- aj UjyJ -uj* ia-y e-Li ^L>«Jl JS jUJ (U ^U- <j) U' 

cSLr-i cr-^y. y j j—■i <~-ky «ji os'y» ^ly r-V y r- W AbU. Jm ,Jj yl _ jis <blJ 

: <>*i Oi 1 •* A * 1 oili OljS JS pO-— 


|^, T =AT+AV g + A^ ] [i_r] 

^ r-^- <-& is'y <3> <m> r~r* y ji 

l£jj~-j (^biol Aj) yrjU- cSbjyJ Ja-y ,♦— ?• i£jj y «Oi ^L>Ol ^IS" JS" C/(_ T _j j yi^ OJU- AV e o Jy 

j,- ?- jlSO. yOJ jl yil J—Jb ,jjj\ aj J 9yj» AVg yOJ Ail^l Aj ip-~Jr LS ^yr tSjyl A T yyL' L o—I tS_>L— 

cS 1 -*^ J 1 —^ J 4 ^ ^ O^U J>. ‘U\-l = Ar OJy \j aLUj. ^1 01 y^y j£o JuJe Aj .JJB O'JO 

.J—L yj 4 jSL>- 

(Jjj-jl hV e j~*J ((♦—jAJ j\j-3 » jU: -I SjjA pj» Aj J—2— <—b» fl~>-l jl (jlAS’jjjS^ ^ly I j 1-f ekjlj A>Jt>- 

tS 1 ^ 1 <i> yM- fU; j& J*Li (/,'_ T <U>- .Jjji v_j(—z^-l jl~j _U _)J oVUa;l Ji L ^o-Vl #J-i « 

i-r^ V - r cSj^-ll ol^^—ci: Ar <U>- .ijj (i>rj 0^j-» Jj) O'lSUa^.l (^U j ^yi— jlS" j (<;il>- 

*'j-r' tS'j-» Jr-^ tSj^' AVg j J-iU^y. oS^ii; <*y ,^bl l 5y*o> oUki <JiS 


. 0—1 i_ib>t4 

O' 11 *-.^’ 01 ^—*1 j^iL— OOb^- 01 O—yj r~ Wa<Jjb* ( J^— Aj Oljj^y* IJ cSj^l - ‘^ a ib J k Aj 

.0-1 G lij 

tjl—Ajj? <T-*s li ^—r j6 -/ <T**S 3' jl^ jyb. v_J—. (-S^i (5^ ly t53yI _ jis - JJ-»I jij 

r~ i * 4 ^ tS^J^ A^—y 4( ^A Aj J- 2 i* (-J-» jl (^IaP y^. Jjy. 0 jUx-l JUJ 

J (^d'-bjl tSWo 3 ^ 4 3-bi yja^Oo (^ly yaaO— tOAJjy. ^1>J! jlS 4S - ^ylajyj <JS J o-Li ly>» 

.Ojyl ^k: ijy oSy>- ^ OL jO-i- 

(* *.^ oS'y*- oly-*j j Oa^L> ul jlS aS ^yI aj yj ,yj aJbjIj <_SCj ^yI _ jlS aJ^Uj 

“‘iW r~r- (Oil oib Jy^-j ^y JjU (i'lsaa^l /l t JU yb <j .JcS^ j \yy ^/JlSU 

3' cr-^i ‘ J j—^ ! jP>> (O—aS" y3y a»-L>h L^l yb jlS j yjasO— O'! jSObI tS’lSUa^sl ^Ujyj jS - Jyi 

—■s* - lM 5 ’" iS'j —: jr^. cSj>* - ^ tr-jj 0=i 3' J y- ^.sy- jJ* aj ^jyl _ jlS jj ( _ ? Lal oljLi.1 
.0-1 JJu ‘0—1 (jkLi-l J.15 l^l y cS’lS^I ^UjyJ Jc* J6 jl ^yiU ^jyl 0%"l *£ ^ aj J-h, ^L->-l yJljyOS 




i Sjjl 5 p 


jl—S' tjljJ *£ cSjj^Ij -*'■*' «ji C-S" j>- ,j\jj jlS _>J T'-"V ^>u jj jljl 

jl J^a> i jj_ 4 <da»J JJ Jj-i^y* J j'-5 V ^ -’* 3 (*“—^ cSU>*i-9 C-S”ji 4S - F ^jjJ jl Ol y .C—I jU } <> C 

:L Ob j <j <z.*a*~i 6 JwJ- ^l>«jl jlS' oljl Q...J Oj^Lp <$* o^wL> r~ \ X ^ 


P = ^ = ^ = F. V 
di dr 


JjjS” <_£lyi i4jLLo jjb 4 j .JLili^y* JLf-1 J\ * Vid\ C-PJ jl^> j~i .j ( J«~~>ljjL.S i —j4 j V j rfr ijl jJ *£ 

t jAJ^y* ^U*«jI jtS 4jS C — -I (_$jLS O^jz* toJUi oilj eJi>J jJ (Jij^ aL-jj e-Li ,iL>*jl Oljj t ji eijlj M 


D dt/ A/rf0 „ 

P =-=- = M(0 

dt dt 


tf -£ i (o jM ^Uof->- J> I., 


-*r lS'^j'j *> 


- J iSWj'j ^Us" V^V <L tu J dQ jl _p aS - 


,_j—*L* Olj—> iX—il; i—i!L-s>«-« ji 0) j M J>\ r. < j*&S’ 4j .Jj-i^ oijjil |+. ...- > • 4- J oi J! LL-i* tOljJ tJLib 

:L. O—-I jj\j> JS" (^l-dasJ O'jj ‘JXS - Ol*j*-* jjb *j M JjjS - jF £\ .OAi^ C—o jl <_£j^jl j*—>- j C~-l 
P = F • v + Mo) 

A_Lul j .J j—S OL Oljj(_ye y le ^1~>-I ^ .>........e L twLs p— - > • JS' (j S JLe L Ij Ol JJ 

:jl c~-l OjLfr ij-x>^» ^UyL- ,^I^j <i-r aLIj ,^j^l_ jlS’ 

dU'=dT+dV g + dV e 

(_$Ia jj .j jlS" .Jj-i^ <JI*pI ^L->-l L 4^ C. — 'I ^jjIaJjjS” j JUi jIS^ dU' Ol a? 

a lai l j a. I... tf" jl LJj jS - j Jl*3 ^Laj^J Oljj .Jj« »JL>- dU' jl JjleJ-i jjla'.e rfV,. j rfVg ji aS^ j 

.JjI^ C—-Jj Jij Cjjj^> 4j dt J> (jji 

p=—=r + i>„ +v e =—{r + v) 

dt 8 e dr ’ 


L JS" ^^jSLlSL# ^jyl Olj^* L ^jI^ ^Jij^ j JLo jj^ jl Oljj ^ 




:c~iji (O-l^ jljj,_/» lj 4 -U^- Or^j' j^ 4 (*—> s r '-T. ^jr* j' { L—>-l 

• dT d( 1 - - 1 7 2^1 

dt dt{ 2 2 J 

v a)+7axw 


=-^4» 


-I G $j* Jj^ 4 


= ma • v + Ia((o) = Rv + Moj 

* jlI^j jjlz.iiT A/ j e^jj ^.>• Jjlj ^Laj j*j ‘tdS’ jlI y R Ol jj aS 


■ J LLL-uj il JLel t_£j jJ V j 8 £ j* *, 


-I Ja^l , 


• j' ds. 




9~^> Aj^oj aJJ m jo 


of*-— i $jj j-> ^ as^LsiS lSjj s^s: 

200 mm _/^\^Vl00 mm lStM ^ ^ ^ tXi> aX *K 'S^ *i ' * ’ N c5J^ js^ C - >J 

IB L. ( Tji^) j —« j' £S7 ./' .Jldp^ ^rLa-AJ (^VU » 9 Jh Aj ijlj 0l 

_.JcTIM^ 15 ° / S j' «_ri l > 10 iSK-j'j ^r 14j i^ S” *i Zjs* Oj$^ 

^SWmL j °>j~! I * kg £^r {Sr , r’^ > ‘ ‘-^c? 4 ^ 'j ^ m £sr 

__ ^ 6 * mm ^ji—»js^ ySj* Jj— >- jl 0_ fc — - i '^j £bo j O jl {Sr £s 

. 3 to- iC j' r m S b ' * * N Ja—y ^ j'j-j" .C—I 

' MC\^ JLuS” .^- 

^r-^T wl / * , ->-1 ! - ^ 

/ \|392N 3\®/ t , \^\'Ay y - 

- 151 - 100 mm ^ <>ab OL-U £^7 iljl ji *S jl^- jl- jt :J>* 

& l* (W)-nr N tiXuSjj* J \" NJ^S Ip- iC—-I .xi 

0jJ_; f .>*-*• j' •■six—-I l< £S? ^ ijj j± .XAi^ ^L>Jl jlS’ O 

OPj—- ^IjIj ijlj jl j —> >♦• N —j “-S' —<Ui» J-.A 4_Jai 4_£ j*—4_iLj-*>U t C C-frj—- 

tJ—i ^—L» Oil—< *S (Y** + \*»)/\** = T JiU« ,^1—* —'Ll* A <Uaij .£ —-I V A = [(Y>* + \> , )/\ , *]u 

:L c—'I jj\ j> {\sz <Sjj y. ®-^ ‘ f/x»jLp <l)jj «—*' *> •1 j* .xLw I j c.~«il {Sr s Ja ~>y 

U t -2 = | 00 “~~“( 3 ) - ( 392 sin 1 5 ’)( 3)=595 J ® 

:L» c~-l y\j> jl (Jjy t Oi*-r:W ****** S ^S~ £S7 

j^r = imu ! A7‘ = ^40(0.1(to) 2 +i40(0.15) J ffl ! j-0 O 


[t/,. ; =AT] 


S^7 ^SlS *J tf 7 ‘j&S OjLp 


T = i I c eo 2 T = ^40[(0.15) 2 + (0.10) 2 ]co 2 = 0.650ty 2 


:l> o —l y\ jt i-LiU 0) — y • fC rad/s *£ ^ * * N tSjj? Ja—jj eOi oljj jljj 

[P = F • v] P,oo = 100 (0.3)(30.3) = 908 W 


P,oo= 100 (0.3)(30.3) = 908 W 





&)) 3 P lT^ 


fUAo Ol5o 

£^4 aj^-y'L«; U F o/J/jOj ./mO^ /Ju> <Cw^u ^JiShj/>\ ($9/5 ■h M 9> P *4^ O^h* •<^ uu l /** £/t t>. £?b C (J 1 fC* '^ £ -/ M > Otf O 

•>b(j* |°k"/ Pfc/i P) >&9 k P&m! <sm •9i^ £ ’(_/ 1 (_J/^ c sP (59/ £/3 P(J9 ■+ e ’>(j AJ (°4'^ (sPifiu^ 

./*>)(_/> ("4'/ <pa q/j/ 0 c \aami <0 0)9 ‘(£94 PPi*9> Q 

,/plyihlwl £/& P/A <Za£-/iu ($I/J V — r(0 y) QtoP £isw )\ af'/jMib 41*1/1) <_ 1 /S) 0 

.t^; 1 = I 0 = mk r 0 oft,) P./jbbfj, I c = / + mOC PtsPhk ® 

.c^uul !•• N ($9/5 (JU&I 4hH 4/ J>#/u6 .cuc-/M/ lal/l ,) 0 



?—V 4j ^joj 4lL*uo 

j* j eij-> B p_>- jSj» Y • kg _ r ->- j > Y • • mm aj <L* 

^,1 o—S’^>- 4 j JUi. B <daii .ij-ijy* 0_jSw cJU- jl C-^-l ji~a L-L-! 6 aS j* 

oi j—«j C-S p p > ,^L»>Ilj _p aS" ^U- C—<1 

^.L* ^Ia-jjIj (a) c—.ijl —^ j-ij 'j >» ‘«4* 0-^1 Oci^, J 

lj _A3i ^rW . ■» L-> B ijyJ>-jl O-C-J—- (b) _) —« d=V* jl *S 

.xiL o kN/m t# s>w< a^I^- 


l_> 0 j A ^IakScIp j lS'ISU^I ji 0^jS" j^> L :J^- 

^ J- 5 

^ toj—JiJ j-$j* J- —»t0 = Y'*° aj 6 = o jl ^ ji .(a) 

Vg o jLp ji lj Ojj j' ••»j'Jj syrj *Jj j\ AJil>w ^ V e OjLp ajxJj 

.C--I f/|_2 = ° P tSpi* (Jjp '— J 5^ J* p 

J y>-j ^SLj U ^wi Akjlj a1w« ft} (^IajjIj £*S-j~> j j> j* Ufl J~ia ^Ia^iA^ <lS y>- Oyr; 

.5-/}^ C_-Jj 4C_-I U B = CB(0 A_SOj| A_J a _?-y J C C-P^ OjAj jl L Aj Alajlj ^il .zp 


:L c-t ^l^r. £ 


» ji aJL« t 


- ciJ^ 1 


j^r = ^ml) 2 +-j/ft} 2 j 

T =-i(20)(0.300y) 2 +|^(20)(1.2) 2 jy 2 = 2.10ft} 2 

^1^ j AJiL^* ^ pjA £l£jl j-*; ji jjj ^1^ pi Jr^^, (Jjj'i jiP 

AV g = 20(9.8l)(0.600cos30° -0.600)=-15.77 J 

yi/^y* A^ij tfjp aJsjIj jj oX«I C—iJ j jili L jjiSI 


[a^ =wm] 

[u[_ 2 = A7 + AV f ] 


0 = 2.10ft} 2 -15.77 


ft} = 2.74 rad/s 


0 


M**’ 



J -0*3^ 


'•*5 yy.jSy* y j' y.yr b >i tc^y~ jUj JS - ,^ 1 ^ .(b) 

AV e = i (5000X0.600 - 0.450) 2 - 0 = 56.3 J 

(1)1 JJ3 A J _j—>- A_i— 4 —>*~j j3 AI_il Jj OP j_— A 4 la 111 t$J Q.^«i yt j J 

:L o-l ^jI^j jl .xS - ^ 

HH T 4[l (2o)(i - 2)2 fe) !=i3 - 33u * 

:L o-l jiiji J—Jb ,jjj\ 

[AV g = WAh] AV g = 20(9.8 1)(- 0.600) = -117.7 J 

Lf* *J»;Ij j 3 jab jl_^» L 

[ ^ 1 - 2 = A7’ + AV g + A VJ 0 = (13.33 v 2 B -0)- 117.7 + 56.3 

0 B = 2.15 m/s ^yr 

r* ‘ jjj (Jl*3 (^Iaj jj a,■»...— y <1— jl Jaii jc?l 4 ^j 3 jl 

‘r+'-Vc/* ->* ■ XS <S *-> ^ ^ yi <JjjS 

[(/,. 2 =Ar] 117.7-56.3 = 13.33i>e 

.vO-l t _ 5 JL5 eXl O-X Ai^w jLk a£ 


xio ol&j 


•M*xyj ftyl (sXy) 9 ^k<y >lA»l /j. )9*s- B ? A s) <Lt /J nyji JUe-l (jb. 9/i i «J^o «£«iU 0 

■MyfU^ aI ly )IaT (j/tfjLi <0*J2> ./i&JiA 9 (J?9l>9l/'yl <* 9 fl)9*j A)liuul y> y (Jjyy }! fa/I tfy^f top Q 


^-1) dj^xJ 4jJwyyuo 



kg f j-*r J* j' '-^-d j* ‘®Xi «ab jLJL y 

ji jl (_^j jA .0—1 ^ * • mm j ?ja J_p- ol £l*— j oijj 

y —J lj l+>l O^y^y J oljj \ • kg p>- ^Ijlj OB 1_£J 

^LSUa^jl Lj pjl—3 J_p— Jj V kg Aj B A3^1» .oi^ 

L_*c5cJ aS" ^LSo j o-l k = T> kN/m ^ ^1 jb ^ j*>-L 

, y •X^’ ( _ J j lo ^-Uj- A3ji> >_aS' L. iO Jc/ « ^yiil O-o aj 

(-$~l£ )a . S >\ A>uL>- j SijS Ia j OoJb- jl A3 B = 10°" 

A3ji» Ob 03j— (a) 0-1 (XiL J\Z [yt-y? jx j*J j' <Sj$ 

.yi x JjiS'lx- (b) j yj aj OjU»I ^IjxI y 



MT tfjA 


j* yj\jo\yy i_S”l^iuol *—stsAjt jl i)3£ Ja£j~o U j -US"^* OS' y~ oJL& ji : J*" 

- 5 J-"l/* 0 jl aS" ^1 ^Jo>- 4 JSLi JjUa* Vg <oiL»- J;~~jbj <jjyl y~a ^y .CJ 

oJL>- j! l$_>-^>- jl uSLj j-* l^j .J—i y-a Ia£>>■ A7 aS - ^*jjb & - ° <0 0 = io° jl c*S" y- ^> y (a) 

<ki> J y- lAi_£lJ jl <_5L jA C.... O j* jjSL- Aj 6 = ° y J oJOS’^>- <J j 

:4 ^ 4 -J —jbj' 5 ^ 


*/Y"\0 m ajljjl Aj B A3yo 


AT = 2 fi/o® 2 - 

0 +1 —mu 2 -0 

L l 2 



10( °' 375)1 (o 375) + | 7t, » =6 ' 83u « 


AV = AV g = 0 - 2(lOX9.8l)—^- - 7(9.8lX0.265) = -44.2 J 
[t /,-2 =Ar + AV] 0 = 6.83^-44.2 u fl = 2.54 m/s v t^>- 

^ ^T= o *>»~j j «Xi i£l*ias»J 4j lj>-l t jj X j**j jS’U JJa>l^Ji (b) 

[c/ 1 / . 2 =A7+av, +avJ 

0 = 0- 2(l0X9.8l]^^y^ + | j- 7(9.81X0.265 + *)+ ^(30)(l0 3 )c 2 

<>*~J C- A a JC jl JJU ^l^j <Jj3 1) 

jc = 60.1 mm ^y 

-C—<1 <Jjy\ J~i3 <Sj Asyy Aj (b) J (a) y aAal C— Jb a£ 3 £ 4j >-y OjL 

yJJ yf" y^Jj b~*y ,jjl Aj A~y JjL~* j a.L l ...« yj .C—*1 oJ-^w ll~*J y- <_$y i_£j <>wA <SCjI 

.c—J OjL^j d)lJ^>- c^Jyl - 

JU A a < U^i 

L$9/±j fL? I jLf'^Lmuu t/t-jjl/j <jJo (JA/& iS^M ‘°^ /> '‘f'B **fb (J/9 'yS//h1 ,y b 

‘(yJttf—k ■A— e, )(jAJ ft— a/I (jjtf'- aIi! j-) jj-J fjU (Jy/jy j lZj—uj! /—sup i/L-u/b C—uil/j (jj/—x) aS j-&y LJ (-*£/& ^ &)Jy \JiJhjel 


o 




t k 11 


L*j jcJb- jl jLS I o ^ ^ ® 

u?M '- i j ^ j*^ l^,-^ <Sjj jjJ 

jl {J ~—> 'j £y~ O £j*V C-p_ r- .adi-^ jy jl-uJ- 

i_jL_>- i_»>J< <—ijt 4 j I j jc = Y" m ljL. 

.v.;_jl I Yo mm O J^>- ^j 3 ? Ijij 

t) = */A^ m/s 



M16 «0V*» JSLi. 


jLU Uwl jo ^S" "I—AI <-L ‘ - — « I ^ 

cJb- tj\ji .JjAi^A tj fyr £ijy •—«-'-i »olo 

PaS «_£ *-L» ji j j-S> ji m {j-*r J* A 

m fJS B cJL» y y*? Jps*^ ‘ a J ,a tSjrT 11 

jl ^SL-i ^ $J» C^J~. ,y>y *ib- *J tfjj 

i_jj_ls A_< j j£ ^ cJIp- jl X *jl Xl *j “lScjI jl !j~j I j Lfc<iU- 

J^j- iJ jjJ—; U^iLa- .\±S iJxS^ y>- I ^rL 



f'— 1 1 f' o 


Asxjua j«i i—JLa joLuJpI _ jvVJj (J-«a3 


JjLuwjO 

jl c#— cSjj-'I 1 -*^- ; l i -‘j£j- > ‘ jl j-ij Jjl—J a ) 

(ijj. jl i_»*>l>- iJLjLJ j~t> ^jSLiu— (-S’lSLk^l 


^'LojJLo (JjL*uo 


ji oJLi aili jLL. £jLS A <bi_^Z~>il C~P^—< VI IV 

jl ( _ r _ { jl v c_«^— .c—-I */v m/s j_,l^ ^l<ii>J 
ia>i Cl.U Yc~—<1 j_Li>- jc;!^ I/O m ejljjl <> <i^jI 

O --*yr y^J* J y-^ j* jji—Uj 1 ‘I Y kg jlo 
jjU-ll' .c—l n = Y • • mm jl ^ ^UJI j I = Y l • mm 
.o—IV N.m sJs. J ^ L ‘ 0 y J tsaa ^ 1 
t» = Y’/* I m/s «_jI yr 



?-\IT <0i—JSLi 


J<_j ,_ 5 jlj_» JjI^ ji ia-w_jj C~>-ji * 1—1 I i 

aJ_l£ jL-^; 4 — !J$ jl_y>P <; J C—■»! oJ-i jljijl ® HI 

Li I_J -Laj JjL jjl Q ^Ij <>■ 

YjuJ OjLpI lij-i &Xj^S” juL *r i m/s C-P^~a 











f'-WY <li— JSLi, 

J5^—Jjlk« oJ-i j* *\— ^ YV* 

c—S y~ ^jl —i As^Lp jj j - V - ~ .~--* p (J_jl» Jb-lj jj ^y 

iX y Uj j^SL» oJU- jl 0 - ° o.o ^ jl Ipl ^1 .X^S^ 

0 <—S ^U- Jj O »1 ^<uSJ Aj aS yjy lj (^l^jl t> C-P y 


b £AA ' Y • • jUa £y>- 1-\Y* 

—; °'" jl cS' 1 *—A**'—S’ opj—- <j \jlj i • • mm 
j\y .J—iL^ <aJj Y jUj jj r* • • rev/min 
—! (*-* b J j—^b^ -*r^ lj jUs> aXi xJ y 

•XiS jL jI>»j i_—-I ^ _j ol_j_AA 1 _■_>• 


cJL^ jl \o kg fjJt . 4_, 04 liLjLi <_L* V\ Y\ 

'——^ i J A *—>. jdyj ^l^lA j La j pJli c. .» . l y jl OjSLm 

L; .±d£y aij-li \jk = Y. kN/m -H 1( Ail 

4_La 4_S X_^ jLx>- b Jj I h ^Ltfjjl ji i _ r a 5 ^JL* 

(A*—ijb -- cSb' J ‘tp—^ pjy jl jyy 

?o~~>- Jiw. LiLabi <o,.* A 1 -xil> ( 0=1 rad/s 



r-\rr <it— jsla 

£l*—i cSb' J °* kg fj-sr cSjW® 

j aJ j—< oiLi Jjj- /: = «/£ m j_j;-«bij 

^ 0 jl ji aS i j£^y j\j M = YO- e w '°) N.m 

Oj £—- xJU- jj 0 = o jj jLl» £\ .c. -I jLjlj i_»- 

.^jjjI C —^Jj jji 0 jl ( _ r j lj jl ij\Ajj\j Op y iJliL 



y -\n <u~, js^i 


°3^.3 uP^ - *** 

Yo* mm L, OA y.J^Soio ^1VIYY 
y* <-S u Ay i(6 = o) A' - * d-.. * Jy jj £) J y j 

ji O—^1 ^S x «~S O k = oYo N/m <u jl <j ^ J. 
(i-i^ j* fx-*' j-; 8: ob ^ CoLJ jjIiJLS’ .o—I j jSL* JU- 
‘—-pj—“ ‘ < —^" -i~S jtA’ OL^- b 0 jj 5 ^* 


»_; jx—j fl£jk o b w = *■ rad/s ^l-ujlj 


^-irf <ii— js^i 





&W JSL- 9-9 


Q) = Ut\ rad/s 


—I JjIS 



jl —t .j C—-*Jja jl ^^..ipMj^j aLa "V— WA 

* J—>ilj JC = / / i _^l .aa^S* ^j-a Ukj jj£_»* cJL .>• jl oJL_i 
^r* r 51 - 5 j' b 4r* iSWj'j ^J- 

•XiL^ ^UpI JjIs O J _>a i-S’ISLLajI ..Li? 


*-irA<LL~. JSLi 

ji Ijlj. 1 r kg ^ o AflC c*M aL. Y<1 
cSL*iaIj ji £—»b (j*jl— 4 *i 0^ A t^Lfjl _> «a_jj jj£-» cJU>- 
■L-IM = A N.m c-jL5 J_j/ aSLj&j* .c—I .a/ aX' ^ai 
jJpl—; j .a/ jljjJ <4* ijb C 
j*-jL_a ^Ujjblj »jl^ja aj Y* m/s iji-c-^»o L A aS^ 
_j I—fcU^Alj ja t.S’LSda^l jl L# —iU A<2 (Jjj-jl i-itA-Jl .JuS 

jJkjj*o jlI—ai-Scdi- fj-^>r jl .JJS” Aw<L>w« Ij Ul^iIc- 

•*/ 

A E = •/•o<\Y J ^1^ 



Jj->- -Ulaljl ^/jlil^l/; lSL~j 2 V\ YO 

^j—>• 4 —; (_j^ijl^ *4* .C—»! «-Li O jl •JUjiS’ ^ybl jj>«a 
jl ^?l a—. .<1 oJ-1 b* * 3 * 4 L -^—Aj JJjliaA I 1 kg 

i_SL_> jaj !_> «J-i jLU c^^oja jl _j j cJL>- 

^A* jl ,j -— 4 b <jl c^l^-ijb '—~ s 'j —* ‘JA—«-' OlJJ 5 <{ j -1 



f'-U'fc JSLi 


IJ ^ f j ^ j a AjUL* c£iJ ja *\- ^ Y*\ 

•C^i/ j—laj _p C«jMj^j iXijL ^UaJL* Cjjya A> jl 

•AJ j —i l*j bj £—>» jl »j-i tala jLLi C~«i y jl Ijjl J) I 

iJ_iL j*jU {J ALy> ^L^b J a j>- <* Jji» A ^Ljil j 

I-»l—l 0 A^ 0 aLai Aj jl j-L-^j ^l^lA Ij A aIoj i ^ i ". c .^ .. 

•J~^ jrs*^ I y- 3 



r> N.m/rad ^—. a> jj> -\-\ YV 

jl J -» (^1—* J-S kg Aj C-^Ij^j <Sj jL aLj AS' 

ja jjSL~* cJL?- jl a_L< £\ .o—w-l jjJU ia^ 

jl fi> i^lA-jjlj C-f -^~j iaaUj »Jji oala jUL> ( jt £I c^u»a^ 
<SL£]a^=\ ,w‘li ja jl aS' Ij 




_^A»I ^Ja-< «J-i 





JSLi 


S3t j 


:W ol^; WYo rev/min 

>* jLfr’r 3' ^ 7 * 

i_il j>u\ *j jlj jl-li* 


:H-L 





J5L^» 9-9 



f--irY<Lo-J£-i 


£ l*j t o—1 ojLi \ • • mm sjlxi <o *£ <_**■*>• 

. x^S yyu \> ji— o • mm jl jj-o Ij 0 op_^ 



jju>$ (fij-i oi jl ^ ^IaJo-, v\rv 

<Jlij <<—Jj J^l_i ojUl—J i—iiS" ^$jyy (_$Ia<»IjI 

j- jl ji a—< 1 jl fyr O—»l ^ ; la' .ii Jj 15 jl 0 *jj Ij aS’ 0—1 
oj-jy j-> <& M tSyj i»—_>j Ij jl Op j tn 

jl y --I OPj— 4j J ilij 

tSJJ j—! ^ “j**>* J j vl>* V Jl **i jwO L$->J 

‘C—j ‘ (jjj -oljl .o;Lw ^ o^tf ^>ji 

4_J *—>■ y j_)-L_; L_fc«^5^5 jjjb!-^ _} i_?lSja— jI 4«lp ^l^ 

^^(jli_S'lS3a_rf»l .0-1 jU M c jjklS *j Opj— 

P jl_jj jl^ (il-dajlj .0-1 «•—' LfcQrT cr’jiJ j 1 

^1_»jjj ^ •■*r^ j>—*j ^ 'Syy jJc^S Ja—_jj »Xi i—>-br 

?J CAiy ^Ujl jl^ (4.«. — ' a j l(j?! I i^l£la—»l 


f--trf <io~ jsjt 

jl jjS^_— o)L>- jl ^4jl_ji—I j*J *Y — ^0 
c 5l_ r _» ^IS - iJ'l^k^l .ii^y Uj «Oi sib jL— O 

opj-— tJLilj Aiib l j- i j*J jl o*jlw* 

01 <: ^l cSJJ (_r^ J~>- J j <ll>ol AS" I j(l) 


I g(\ — cos 0 ) 
V (^-^)»- 



f-ir&<u— jsLi 

<Jo jl oOi o^b jLO |v—*\—^Y I *\ 

4_i— 4_i 4_£ r ^ln— 4j <iL>- l£j J^l— J 41>-l— 

Jl .^il Jj-!*- 4—iblji .0—1 Yr J_jlo 4j ^*^40— 

jj p-^?l .J-^Sy jljji O ji ^-slj (jl4—*4^1—- 4_— !£ 

jl 4_j JL —Li jJl_o* ji aJ — »jb jlO pjl3 (Jl ..»^y 

^1_>-^ • ° jl ( _ r —j Ij (0 ^IajjI j OPj— iJj— »Jj j 

.jli? w>L— 3 - fl-fl j^»— (>—>) j A-A j_^>— (<—«JI) Jy 



f j->r <-i ^Ja—- JSLl VU • 

4-i Lf j^-\y£j ^yLk:—. jjjj jl -(—S' _ujUL lj > • • kg 

y* is—<- jj 3 -C ~ --I oX-1 Y/L jj Y/£ jL*jI 

*S JCjLo 40-Ll 4—ju jl i_i Jo y3 j3 4£ <e-y*->*A 

i^ljl-5 L-* jA jl <-^>. j* .33^ ^ J 4 jLU Ij l$jl jl 
jl— U C—-o^ jj i_j jj 4— S ^jxiyt j eiyj V* • N/m 

CJL^ jl 4_J Jj ^1 .JjloJ_-J a J. -A 4 3 jl J »J_S ajta 

Ij A j3 4_Jj3 4_J C—t-j—M i33 ^ I— A J C—**3y> jjjl j3 j 

- X - ST i—>L—4XS^a i^uS'jL ._cS" 4 j 4SL-15La 



f-lf • <11— JSLi, 


*_J <-» tn fj- 1 ? j l Jj-Ja *—; i-S^jjI_< (_$!<!-• *\-\ £ \ 

cJU- jl ajLL>- /I .c—I o-i-l l ^U-l 4j (jl^iJb- 
j-S - ^ Uoj oJ—J. oib jLU <x—3 y j3 j^SL- 

,jA j —* -X^ j«W O' OX^V^- jj-i j *0 j 4_SL> jl I j aiU- 

I—SjI la ...,- j 4 —iL>- j^jlj ( j-Lw J 4—IX ^Jjii -l 

■ X' -i T JaLSj^O 4jLL>- jl ( jX>«XO .Jjlj 



4 J >- 4... .1 ^ — jlajl ^ _j — I ( Sj^tA jlj—j *\—YY*A 

J—AO- *■$ £/? Jj oXi 4jS- 3 £jj\ ^Jo jl 1 • Mg 

J '°* * kg f j^r ir^ 3 lXS ^ 

I*-»j jS^La Xe- j —- 4—; I j-> I j ‘3j—i 0 • • mm j j*— l^j j £l*-l 

Zjs -i j_>£- cJU- jl ^ y>y\ J\ .xt- j'j £ • • • rev/min 
jl ji’ill—I Y • m 4 ^ (_£l 4 *J (_ 5 *i/lj ji J— j Xl*J OS' 4 j 


C—t-j—* iJ—tji VY km/h 4j t^SjO- 4 j j-l c«—* 3 ^a 

' • -t —yS j-i .J.. t '£ i—> 1 — j- I j jl— A » A/ 4iiL ( jjjolS" 

l5jj—»' jl -ZyAiS >-4^ JA> jl O-Li 4li j£ ij}J\ ±*oj3 

.x^ - iSAkf-j*; 



^-irA<JLt—JSLt 


yG fj->r j-Sj* J A kg ^ 4-1 OA JLJV^n 

4 —< ^jiai-lji^j >-^4jL 4 J -4 4- O J_p- */Y Y m j£l*-l 

j3 jj>— cjl —>■ jl (_$-> —’ -1^ j *I ^1 .O—-I (J-4SI- ^ Y kg J»_^Sf 

Ij 5 jl^l j~> 1 . 33 ^ \aj oJLi aib jLH c-*3 y 

.J^S jL-3- 4-1—S *^ jy^ jvJli l 1—oj- jl OA 4 ^ 

U= Y/Y^ m/s ^1->- 


h»- 0.4 m —h 



^-irs <11—jsot 


^-lf 1 < 11 — JSLl 






an jsl- f-f 


C .—IjA >—’ji \a»t £*k ** J£*i A—^ il 

»Xi 'VjJ O ji iyi- Lf ii\ *J J y- *S !j jLS \ • • 
tSjJ jl A ji *-S jlj^ii >—>jJ •■lA^^y l)LL» 

cT^*— tS'j' a >-» jy* u&VjS’ >J*J* 

Jj^se= oc_^ Jij.ij-, ^-UiS j^jjY.. N 
‘"/^j^l 0)l>- jl .^jlJLi 

J -kl—vO-*o jl <-% 0) <_£l<j jl j Op j$l* 

.JLlS* I J»\ Jb\lSA 0 <U jl j 



jl j^SL— oJU>- jl o>-I^^j *Jo *\— ^ to 

OPj—** .Jj ^£^ l>j a>Jl& j} oJLi o.ita jLU CjJ 
jlj_3 ll—wlj iXj La4__Lw* aS Ij /4fl ^JL* (0 (^l*£jlj 

Oa* 1 ‘ x j=^ 


■ifSH 





jji-Uj -> ' * ^8 f>^ *i Lf^S? £JJ ^ 

*—S' k = "V* • N/m L^4 jO <ki; J_jj- Uo mm 
J—* 14 t#J — 1 ^—; (*-£»** (ji-V J-> J ** ^-“-V 

>-» ^-L-LS" <—S' ji jj£~» cJL- jl C/r /' • c — 1 

—-< iJJj? L*j jt-L-—i ^ rla .< (_jjj j_j c._*1 YYo mm 

jjo_; j-**; jp~ Jo ji lj O £ j* v |**j jS’L 



f’-lf l* <11— JSL£> 


<—£ / Jjl» j ffl ^ j?- <; ( _ji>-l ji^j i_^jjL 4 jL» V-^ LY' 

jlj-i ( _ 5 -«il cJLj- ji /? —i <; (^jj-U ^Ja— ,_$jj j» IJil 
C«JL>- jl L>wi jl j »J—i tij-, t j—y^ ia. ■>■ C.<«jjA <U <li £ 
4_U t^lMj'j ^-j—< j'j-i 15'O'j - is /c#- 4 L-^J 0 j$L- 
‘-S’I—S\l a . <j | .X-ZS jLjj t£&^yol C. ;«.l j< jl 

•L—I J-jii <i/jA jl jlj- 

Q) = ^yJ?gR(0 sin 6 +cos0 -\) ^\y~ 




















^jbto j\S — jl5* jl £-V 

a-z*’ J> b cSj^ 1 - d*\ju »,._p Ujjl y~*J ^ «j^U 

lj 4 JjIjw jlj-j'^ J jl& JUi jl ^U jvA -O J^al. fL«*-l i_Sj ^Lapl ^l^uJ ^LaxyLjl 

Jd- 1 " ^ yy^ JSCi y-*; ^1 y 

^.xsw oir y> ^ji\ j\s - aj^Uo 

\C^y yy jljly Ij l-T a]oj\j tC^y» elljS" jL~J (^l-LA y ,j\y 

dU'= dT + dV 

jy-Ju jj 4_*Jlk^ Jjj_< ps~~~, (5jj ^ jUi ia—y «xi ^l>jl ^IS" JS' _^LiJ dU' ojly 

1 a—d^' j' sJ —- ^ '-‘A* j* J£ -^A^y ^y.j* (J^—5' y>A yyr jb~j jl£* 

J-^ (i'j—i T ^yiy <JjA A^^A-* ./s* 4 ‘(^ yfc fb^l jl ^I^JyJ ^—>• jjy y*>^L. ^1 y 

:jl Sy «X»I y OjLp 

dT = d^l.jm i v* +2.^1 i (i)f > j=I.m i v i dV; +TA i O) i d(O i 
f' - " j>-\ j.L»j ,jjj Jyj fjJ-i, £-^r j xi~a U y* jl-li» ol yj J ^>y.y < T y y *> dOJi j dv t jl jJ *S 

c—-I 7 f w,.rfw ( . = 1 jCCjddj J m i v i dv i = m,a i -tfs,. yu~~, ^L^-l jl S* y» ^\y Ul .c—I <ii/ y _ ■ 

Lf'j^ A -! j'<—dj'j ol^. yyd oXAJ jLiJ dOi j fy £jA Jy jL~, Ja>- jl5U j-iS ^LiJ ds t Jajl JJ y.1 Jj 

Jla^ul Jj a I *-iiy, (a,), Ol y <S c —-I ^,),rf5,0L-* ^Slj y a, • ds t *£ j^S yj .c—I y oJ^o y r _^- 

>jy r^" ^ ,Aj --’b ®i tr*d a < .C—I ^ ^ (^-^r ^yr /y Ja-jJ ^ «j>w Lr >-^> ^ y 

li'jd A>j 

dT = Zm. a ; • rfs, + z7,a..rf0. 


6y>- 4 ^«jUo jJ jv— 


rfr = ZR,. -rfs,. +ZM C . -dO; 

jy\ a]oj\j jJ .c—I dOj =dOjk J oly i j»—^>- y Jjlj Jj j£ j jy XjI^j y 4u M G; j R,- jl y aS 

\a-~,y r—r- iSjj j-i eJ -Z fl-^l Jyr A~>. ^ y'y <JjA Jy Ar~>. jzA *$ <1)1 ^LiJ \iy» 

(* ~ > ~ ^ -‘ l fL~=rl aJS ,Jjj y ojji JUpI Xj\ y cSLftJjjS - J U 

<<_, j j V e J5 i_$L^-Vl ijjy I j V g JS' (5l4jils^ J;-Jb (5 j^I jl ^^L-JlyLy ^Lij rfV OjLp 

■ Zyiy <^y yj JSCi 

rfV =dfem i gh i +T.jkjxj)='Zm i gdh i + 'LkjXjdxj 

J ai Ji (fry y C~J> nil ^y <u -o_^J (y £y «-U.ls cXjai jLiJ h t jl jJ *S 

.C—I kj y^w, l (yi) jl 4!yL yjis- l50 jlLi l JiJS cJp o J^k xj 

■°- i ^ <l)'>’cy 4 iSbd ^ b J-IS" <blj jyS"! 



6Y6 ft iSjft- ft ') cr^i 


dU' = 'Lm t ^ i -dSj + Zl i a i d9 i + 'Zm i gdh l + 'Lk J x j dx j 


OljL^P > X .. i ll) C(*—® J 1 ’bJ* ft (_£iljl b ft ji ^ ^ aJojIj jl eibiXii 

.2j—i X.'«.al y?- ^ i >*■< Jj j—9 XiIjUp t X .. t b i_9^b>- O—^jbywb*- _j > jlxi £\ j XX -a OX /jCCjdOi j Wl ( 3 ( - ■ fi?S ( . 

Ixxl 4_S^ o •■■■i (_jjbj jjjl yjlij j x^i^* .bLjjt Jlo ^laj^-j 4 j U. _ JL : ..~a I j i_jIxs aS” x~-I Oj y* j^jI ^ 1 jl ^ "l — ^ ^ aIojIj 
=r - jU_^a ft- aL_j^j J-*j>JI u-*^ - ft J ift~^ i5^a _)ft u~?* j J1 / (j^j^r-l aj p r 1 

.aji_/ jx»p y» ^1^ ixlxi - 

^jbu. ft 

Jjl—iJl aS ^yolj b ftL ft - ^La^U^jl^- ji ftj^ *-*’1 jift jl XJjLt- ftj^r (_£laOJS^>- "^ — ^ ^ aJ.sI*a ji 
jLS ^ t» jl O—-I _^_> tO—I «J—i Aii^ ^ cJ x>O aj L$JI aS" i_£b ,_$l^ 

a—> J — < _ 5 ^?bx-l (JjU: JSCi ftj> tj (^jb>» ^UwU- j i$jU~* jlS - .Jj-i ojlix.1 <jjL>v> 

.(XjLJ Ij (_^-<"&x/V j *_ tjft’ 

C~.. : .»Sja a_. C~ —J 4^Ia_ jjlj a^ j ,_,!*>■ ^7 b ( _ f ^>y ftftft <>ftjA jl OjU p i^jb*** 'jjLpub*- ft->_ 

j eljj ^- '— .. - i ,_gLaXS b (JjUaA Xb <^jb>« ^La^UwU- ^ Aj J~Xa ^1—>-l jl — . - ■> i£j ^l^j .Xib^ l ft\j b 
SytS’ xb ft> m i (^L^jl (jft'ftr tXib «Xi VjJ JJA+A (J Olj*^ Aj .xbx ftlAl I j Ljjl 

j Xx.—a ^^.jbx - JajljJi li^s<9 lijjS b La^b^jbj- ^ftft -bjl ft> .sft A zift ft> ji L^bl J* J* 9 * 

. X-Jjb^yA X# 1 Sj^^Lka Aj y° 

'ft—i J—I -bjl^jbjj Ab^j^A 2jJ b j oft JJLat JlJ oVil*A ji AS" Ij ,J jl>»A ^La^UfyU- jl (^IaXO ft\ 

Ij ^ x — ;- j a-S - ^jJI—x^a j-j i.—L. iVI \ aJjUa ^jft - ft aIsjIj jl eilix.1 b t Xi £ JUf-l 

I^jjl^.L j Ol^ t5jb>v» <Xl^-*j ^_ >- jt *S X«l XalC- .aX tX’^T^y* 

dU' = Sm,a ( • 5s. + Id i a i 80 i + 'Lm i g8h i + ’LkjXjSxj (V\ \a) 

urebJ ^l^j 5 jUJ jl j ft&ftr j* fty>r jb*~» ol j~ju ^IjUJ ^1^ d J^-bl^ij j jUJ jl SIjaaa 

oilixil (£jU>v b { ft>ji ftj*r jb**^ 








eJ—.o—i OjU B 4-lLi o jJj j r kg ^jI^j j 4 <_$”p«— ^l-uLi eOj ^p- 

toj—i eili QL--J o_j*3j^ ,c»«l "\* mill d)l j Y kg ^ j>- ^l^lj 

OL— 4a>J ji .o—l oJLi bJLOS - J.* mm ajlOl aj o—I >/Y kN/m ^Ijta *S jS 
—i ..1—-l5~ ( j—j A* N (_5Jj.J j-jlj O-sO Ij j 4 (_^l4jl— aJlO fl —>1— 40J— aili 

.0—1 


ji>\jj — '£ * —^ |< o~— J£ (_$l j> lj JUi “U—jj aJ— oili jLD J5— Q 

.JUj^ jLiJ iO—I 

Ji a J— ^l>ul rf(/ t*yi» 4 j /4 a Jj J jb*~j J?** ,_$i» 

jL-^ (j—J t -*-~ > • y X a£ o — l A ' dx j>\jj |» — t — {£jj 

»JJy>U» \-\ ^ <kjlj ji *S o>l j~jz ^jl .oil^ jiibia pjo— JS - ol j~ju 


.xJiL^ jjj Ojj-^ -u 

[rfr = Im i a i dSj +'Zl i a i d9 i \ 
dT^ ^ =3adx 


t =2|^ + 2(0.06) : 


| 2 ' a ^f^ =0 - 781o<ft 

.08 0.08 

f ^ *J*jb jl i 


[dV=Im i gdh i +2k jXjdxj] 
dV^ ^ = 3 gdx= 3(9.8 l)dx = 29Adx 


dV^ = k jXjdxj = 1200(0.04)y = 24 rfx 


:0~Jili j—^t^p-1-\ ^ <k»lj ji jli. jili Jji L 

80 rfx = 3fl <ic + 0.78Ifl<ic +29.4 rfx +9.81 <£t + 24rfx 

a iS^ji <j' J ^b ijjj* j' ^ t 
a = 16.76/3.78 = 4.43 m/s 2 -1^. 


j ei j'j cSj^r- 1 (>-?! 4 —^• <>>>• A~~? <*& (ijjj'- jl£ jl ail*—1 ^5 4^%. 

4_kj|j j' J b^ (*—j 10>- 4 j (5jlJ j o—o I j —l— 

■Jj-pj fl jijjl c~—o ,^1 j— J_?- ap-Vl—; j a— l_pU o!>Up ^_io>- i F = kx j 'EM G = /a jlS^, <EF = ma 


0 


e 


.ijlo 




&TY p ■) P-Y 


cuIL&a j) jU ($9 j& 9 0/9 ■k- uj 9t a/Jjj jo(_jyf j\f j ofal ^ylf^^MMxuj }\ ^/(A a/jLaj^O (jl&f/jJ /I tf'/jjf't&ji 




dx/V /lj!/J 01 (J.L-&*l& £^x*AAA ./MiO^jA Pi tflfJLuJ Ajjy t^AluJ ^JuOJ //Iyj 4 ^ 40 ^ 01 |°yi£ /^/-^ &//)£/& (S^M 

dO i = —— L-^- /jJ/j, ds — r dO <duj y }! ijlojl; (jM>M 9 *>9>.&i — ~ / j J/ j .g = r & < k J J/ P otte &/j> £/j is^jK v’fc**' .< 


i/I Xj “ XlY iQjj!f/U/ ,< j ^ ui // (^I^jLu/ tjjy fjt/ub/ i^Juoj /{I/i ^IaIjJ ^ 


4j^oJ dJULiwwwo 

I-*-Sg . . . I oJlS/ j ijl^v^u ^jJ js jl A <_sl$i>! aj P c~»l> iSjj^ 

CwWhj <l_i (l ^_A91 1 > h_J < l_) d y>~ pJli o^jW 3 l* I aS^ iLpL j 

tJlijL^^ L< ji a^> Ij 0 i_$LL C-JL- *4jlj .xS c«£ j>- C~»Ij 

0^" 

^-JL- i^l j» jLLi Ij JLi t£jj? < n . : - /J> ’■ { ^> m 

L-»p-L 11 i4^l $ *il aj c.■,■■.■' ^LuL- jS ajljjl .Jjj£> jiaj ji <_£jS ' _>Li l y~*~ l$jl ^yA-Js jl t j Iai_£lJ jl 

: iji*^ • :>i J^Lf A iS&>* or” P <Jjjt> ^y 6j -- fW"' 

<5C/'=0 O 

:L Crfl j»\j» % "V— ^ ^ a <lajl j jl ^Lx>- © 

ST = ZmaSs t = ma(- Ss^ ma(- SS 2 ) 

H i . e\J3i . 0 YI 

—sin— +5 —sin — 

2 2 ) ( 2 2 JJ 

= -ma^l cos^dd j © 

Lal^oJ ^ jk^> i£jy\ j* 4j Ij A jl oJjjjS Jap- 

:L ^1^ 

V, =2m g [-icos|j 

:l i y)y. <Jjy^ y^ j 
SV g =(5^-2m 5 ^cos|j=-^-sin|<50 

y^^y ^a aLjIj I_y*i '— J lj~*j (_jl Jl j* iSJ [ '^iS s Y ^ 

[su' = Sr+SV .] O = -/mz/cos-(50+-^-sin-<50 

* 2 2 2 






:o'\ jl ^ 


0 = 2 tan — >_jl ^ 

8 ■ 

* — i jfij* J& a^JJ j' ojLt-l l> a£ aJLl~» ^jI j* bJL^« 

—-s* ® c5^ J*- j Ai-I4 _sA>- iCJZy>- oViL<c» <_$^jl5o alj! ^u-—^ 4 JI^Ijl>- 

jua« ol5Li 

(J-^.k <jJ/* /(h^ /*-&> c5‘ / y-? ^«oW «>teu;/ rf )UJ (a <j <j}Iaa k (ji>/9 (jjt /k^J. ta*> 0>b O^' cfJ/' 5 )UJ ;l <tfjdft&y 0 

6)La1wI 

j tty/ /I *j 9 >/ma-Ss duly ;l /Ai (yJ/jth .> 9 *is » l/u <jk>M /> is;k* /a * ;/ (y!6’ r ^ui; , 5T ^6;,/ y) ® 

.<JUu// l) ,uti7 ;/ ^yi6‘ r /Xti/ c^^JM <t/^ 

.^J'a^Uuu! }jj (j?i (jU* <u fjj IakJL) (jtftfl 9) (ju djp& ;/ |<u>u/Vcr 4 >>(&*! 0 <vjl; ;l LuxJjj (j/u/Iu Uu#? (jlyj q 



















f'-W'b <11— JSLi 


cJl>* jl 0^ J - ' a ^ a J 

j—A .J—o Js y> Uj pjli a>uL* ®JLi e^b jlw C~*i^ ji 
lSJj j->. *-* ^ —-' 0 kg fy-*r iSjiy jj-** *£j>- 

ay A kg ^Ua5 ^y ..uip^ OjU i^lojjta y~* 

.o—-»l 1 • * mm — c> 4 —j j-jj—j ^L>jib j 

.-U^ lj ^Ua3 CL <Jj! 



y- i yy <i *» a j^a^ 


c5s j VL <^1 o*Li o^b jLL> *V-N*\V 

2_ilj (j-i^-la (jjl&* -C—I oOi O**- jj jS’jlS’ 

j-r*j J BC 0-^ ® 4 —ij'j ,/bf J j b J *iJ*j & j j 
J 4i j—! Y * * kg i-£>L;l j £J6 ^y £\ 

<—; «J—— JL<^pl jj U — i2j*Z ^ia _^jj lS^4 a j^' jl 

os^ jL>- b B J ~a i< jjlj Mb jjtLti' j C y BC 
0 = X*° c.—£*^y j3 jj^—— oJL>- j! ^LJ ^ yj j* *5^ 
ojIj VY m/s j*il3 <Jjl jl *j i.xSy OS ’y <> jJ> 

.iyi. 


JLj_ N ^\jji L. J*2£a 0-jji Vni 

IjjJ 0*l—i 3l „ l. T <l j3 B <—Jy> ^ybl '— ^y~ Ja—jj lj 03Li 

<-*jJ j-*y» j! ji^ J* 1 ^ y jrd 1 -^Lf* “j 1 ^ 1 

.3 j—Jiy 3)_>ul t J LL»Ui L ot yJ* *£ 4 y>£ Y"0 • 

lj j_j_>u4 A/ Op j~u .0—1 eJLi 0<1j Oil— <o C o 

j3 j £-_*— ^ * • N/m ^jl^jlsOa ■ J L^ S~ l yyj P = ^ 0 ° j3 
jkiUi_So3 jjj jl .Jjlx ^3 ^JLi P = ° j 0 = o 
y 


,-»i l"'-~0 



A 


UU—JSLi 

jjijl—w lj ijXi . iJ^a- 0JLJ3 "\-\ > Y0 

l 5L_< jA .XLJJLJ «ili oLU J^-i j3 jl ^U-oljCi ^S - JAi^ 

^U-i i*/A kg ^j>- (jljb C j B i. A jL-^j oJU3 ^ y^ <— jl 
3 j—>- ySy J y>- r« mm jj^—ljij ^L*-i j r = o • mm 
^U-i j »3jj VY kg ^Ijj E <jlo^Li o (jjjL ^j>- .J-iL^ 

D <5^_ii^ oaj3^. .c—»l *\* mm OJ y>- jl j_ >= -I^J 

jjL — .,i? jfl .c——I 0)1 _j j R = \ o • mm ^i- ■■ ^Ijb 

t 33jS’ 3jlj O j3 <^L-i * —- (ijjL; oil_i, j>M= o N.m 

—Li^ jj —» J lj <?-Li <— Of aJ jl ^lojlj i^jLJl 

a= \ro/r rad/s 2 ^l^ 









arr J5L- ?-y ^ 

0 * * N jloi* <j T ,jjjj *S >yly 
.ii <_?“ ijlj iC~w-l «-Li D ji j aJL^j <-£Li> 
j—*J Oj-l—; L-*^^>* .JL-yS’ Ij <L_Jbsj <JL -~*j Cl <-Jjl 

.xdi-y 

a=‘/ri\ m/s 2 ^.1^ 



<LL—JS-i. 


j_; j—>■ j 7T r JS - <J_ji» <; j&vj ► V\V* 

4-i* ji_£ jlj—» C«jU gjj l£j t£jj j*jl» ji p J_jl» 

•O—ul J~<ai4 A *\at> <j jl ji ^l^- jJ 

d 4*J_)I iiyi l*j JUiJl e^5" jl^U 

*—^Jj_ylaj ,c--I •jl-Ul *j jxLu* 

.*£ phi j !yy jTl^Ja-tfl jl 



f--1Y* <li— JSLi 


Mb = U/UkN.m 
M= o 



1 f-Y <11__ JSLi. 


J t ji^ji OA C->-lji& jL *\- MA 


J_j—*- "Vi mm 0 ys - *A jij £U—i j 0 kg ^j—^r <^ljb D o-ib 

j c ^jj-i £A 
ji 0vlJL->- jl o-Gi C-^* -* jj^ .xS^ 



1 ^ A 41mm« JSJj 


L j VI j <1 VIS’ jULol ^1 ^ aJLaj *\— 

L-*£^>- jl 0~i> - a . ji£ <; -Utfji TO jljLsJi 

£}*—1 jU 1 kg p_>- ^Ijb 5 Ji J A Ji 

i > kg ^Ijb C tiLLk .c_-I \ 0 • mm oy^yj 

*—Ai> x L ...j j ^yts>u> . Xf>\jy \ • • mm Oyr*\jij ^UcJi 

Laj ji Oj ^— •* cJU- jl <tJj»j xJL ^ij ,c~w-l 0T • kg 








I^JjyO^O — OV^lxo ^ — A 

Ji .C—»_/ jly oaliu-l J oji OS 'y Uiyjy y T-\ • _, T-<\ ja ,Oaja j ^y> J^l 

<L_U»li ji OljS 4_^v«l^Jh Lj -Lj-i obi oL*j jl ,_y*-;^> *——->■ y oOi JLpI ^ (►d 5 Jjij* 

j_^,l aS - y> ^LIa J_^»i ,j;i j J*» 0L*j j' 

.Jjl^ C—■ iJj tJjjjy jl& <- JLp (*—>- oS^>- * jy y jOaja J 

4jjS^ji-A A&I jj-b iJjJLa oili ^--«-*J '~ J ^jl ( ^ . /i»» . t .< ^. 0 .,. a yA jOajA — liy-^l t ~T ji 

L- 9 (%—■■«■>• OS’>>■ tSb* (*-*■" 3i»tjj a^a .ij-i 43^ jlaj ji | 0- r -- olji oVLfljl ji 

ji ji —Ls ( *-j r OS’_^>- ^ 1 ^ U Joa lj Jajljj ^1 0 >^> .C-J f>>- ^ ( O - .- a jl ^\>- oJb- I 4 J aS - jlC 

j*—Al_p- jl£> -X*J 


r^S* J*^ 3' ** b (j*r <* r “ ~ ^ J 0 *- ^y i-i cr^i J* 

a_S G = Hiffi'T' j vj = r, :^*jjla tJLiU m, o .» « . * y jli y j£jLLi r,- £I .G = 23n ( -v ( - -Li^y* or*i J 0^ ol ji AjiS" 

oali:— -I Ujj U . n . i . iT J—a>I jl a_^ 1>- .G = — - 1 - C—J ijj jlj-j^ j_iL c-»Li ol J-^ ^ (_5l^j 


rf(mr) a 
= —1 —<■ = mr 


I j—S'_/• v opj-a r 0^ j* *£G — —^wir ^ o jj-a> ^1 4j jOaja <.mr — 'Zm i T i 

:U C—-I y\y «wJu<» yjt- U i-_J-a» jl (*pI j* l Ja?- *5 (*~£ ( _y daz-'^K* 4 JJ 



]oj _Jj jl (plC-Mil 4_j (_JjL_«j <S* |V^JLa yjt t — 0 4jil*A (jijjl iJL.■ A.Xi 

oili oL33 Vj= V + 1OXPi 4Jajl J L V\T JSLi y 4^ *_Ju» ( *—>- ,^1 y ^^LjUo- 
G = Eftlj (v +<yX/3, ) y' .*y U lj ijl-*-A cJb- ^1 ji ■ >—•■■.■ ) cC.-l o-La 
^Ji —«^>A j vSwjj = mv I — » C- — aI j — »I^J Jjl £j_*j>«a .p-yjly C— a Jj 

- j*5>^y 43 ^^ ojl-Ll j* jl Pi Iji3 \y* oyx'Eitn jPi = 0X mp — 0 _^<I^j 


y-\rj 





y _ Ajy i—ViLjuo P—A 


xjjl—jP «1>T _^il JSLi j AbU* ji' ./ O'* i-1 4^1** b <y>* p f-> J 0^15 (_r^ j j 


SF = G 


|' : IFrf/ = G,-G, 


(V-N Y) 


A>ii—> jJ OS {£,\ji aS O—jj jl jJISwl (_$LAAiJ_y* ^JSl— A; d)lL> 


(VUa) 


Q.w j ^X- 4 y* yy jlj— ^ j^ji XjJ ji iS-iji? XAi^^a (l)LO "L—^YEj *\— Y Y Ja^ljj <J_)I 0>Nil** OjLp *-i 

jLaj OJ_» ji |*—A. ij'j <>y> *£ 0—1 O' j&'rf Y oViU* ^I^Sl J£*i .0-1 jbj A; 

.0—1 l Ja>- pZ-*y> jJ ^Ul» _ ; OJ JiUa ?2 " *1 

I— ^Lo,* o*)Ujr v_-Jy d)l aS oijl Y’-YY’a oViU. ^Jal a> j'j^ 'j (Oaj* - x^J> ^)jj 

oNil—ca jj Laj‘O i0> jy0 <—>L— - ^y - jy ijy j* l£XJ yj* d)U-* .O—La jlx_jj '~r~?S 

jj <S y^y xS'lo ^1 ^Lj .oil (Xb^ yl ij*> ijy y. tyrj^ j 

ij O £*■*- ji aS - ^LajaJS - l; iyi> yj a, j— iljl ‘U—’y 0—1 f ‘(Oaj 4 - •Mjj j' #i Liol 

il_p«jl ( Jt ->- L— Xaj ^U*ll J& at y La jj J aJS" - jl£ ,jijj '-*^L>-^ j-- d)L— Xjli jj? 

■ x ^ L f‘ 


C 1 *\ 

^F x - G x 

?F y - G y 


l' 2 XF x dt = G Xt -G x> 
J' 3 ZF y rfr = G Vj -G y 


f J-:*- yS J* J j—S“ (i'^.j'j (*X..V cr>“ jjLO^ Ojj^> A. iS\*jj\j 

\a?~ |*—o_y4 (^LajjLO^ L *j~p xi 0^ H c =2 Pi XmjVj Cjjyo <o ^j»yr jt> (j\y 

Ojj_—» A-J (1)1 I j ,5 jIj ^ AP ^1 aS - (1)10 l-l Jj .XiL^y. is-y^y> G fyr £ y> J_p- olji aJS - 

.0—1 G aj c .m .. j nx\ Ofj- yt^j d)T ji a5^ o—jj _j*j H g =21/> ( - xmjjj 
jL. cC (XS'l; (_$!^ Ul ^ ail— OS ’y jjb-ii 1 aLjI j jijjl o—x ^.I^ia VY ji Ij OjLp ^jI a>- £\ 

4__, OPj— d)V— (Xi oib jlO "\—>Y" J£i ji aS - ^lA>»i^» OS 'y ji t_J—» ^v—>- jl oiLi—I L» Ij jl 

aib jLO o^_>• ji k aSO jb .XlL^ o = Ct)k i*—>■ cSWj'j Op j— jl ji aS’ xl^ ji />,• = 0)Xp i Oj^-» 

j ^ ij^P G) J Pi i Pi j.XiL^ya jplS J^li Ow A; (O ij\y eXi 


J Pi(D j 

jL— 1 = ’Lm i pf jl Ji A-S - (H c =Sp?m i ct)k =7wk c —Sjl j'A#- oi’^ -o—I pfo)rm y\yp-, xnupi j\M> 

•XiL iy J^jpr £j* (*—>■ f>=r t*->J 



j y j-*-*-* jl eilii— I iC~*l }j*& \JiSy~ <>Ju 0 jj «jl yj* i^tajlj y jb ji 0 y 

:oJi^ jJISL-l Oj_^> -o Ij ^ £y J_p- ,^1-ojlj ^j* jly^ 


(^lj—> ji ^Jl£—~<l «i ^ Lf* j ( p~**J* - jjbJL^ <]aJ j ji (jji i^lAjjlj j*I 1* j^ 

:ij-i^y jLj (1)1 ,^1 j^jl *Jajlj eljA-A 4 j (_$IouU<j tUS - j?- 


j j' ( 'ZM G dt = H 0} -H Gi 


jz-JC jl y-A L; ^jl- a ^y £y Jj^- j ,—>■ j, ijlj (_jlAj y <Jf jjlii£ *5 c—<1 O' j&L; *V-> L -da^lj jJjl 

*—^ cSWjlj *■—* - l 0^ "\~M *bj\j ^1j^iI JSLi .Xit^ 0t*j 4j C~~J ^y jS "y J y- ij\*jj\j p^Ay 

•Cw.1 G J y~ (^lAjjlj | aZaja jt>Ln jyM y\y ty— t\ OX» J*)U- ji fy £y Jy j*—>- y ijlj ^Uj y 

c/ViL* L jjl j*a ij£i> O jj~* *j d^yy Ij t^l<>jlj p^Ay j (_^Iaji jlj *jjJ> ifcljj cJU- jXLa tojlji 

'—*4 —*r ^ Ij H Gi j H g ^ i EM G ^jy pS^s- j iyj £-jJ>j ^ Ij Oljj-s o-t* c~f>- .c~iji T-Y^a 

•‘^—'1 je ^Ijl <A^y (*—j Lo .ib JjUaJ jyj* (jib^l 

^jljjbj 4ijjl,y CwJj G ^y j>y Jj*- Ij olji aJS - pZ-AjA jjlii^ // G = 1(1) 4^1 j *Sxl <» yy L 
oJ—1 eib 0l —«*j ”V~^ j^ jj lai l > » G fyr 'J* y jl eXj jl^jj *X jy? <o I j G = /n v p "■* j* jl jj ^ 

.xiLjy. iX;l^ JjjS' j Xjl j; ^jjJ t.Sjbj* ^Ij^ xjUa H g j G tSjbj* ^1 j^ ^1^1^ .ib ^.UJ t c—I 





(*^«j^ tJ-Ai^y OLOJ Ij J^lej^ <y-~>y *£ ia JSLi Jjlke (^lAjjlj (*Hej^ j >X i X L 

.iyi^y <lOjj { m ^’^A *A O Jill* (_£l4jaA> jA Jj>- Ho i^l^ijlj 


(VYO) 







arv I^ULo^s _ dj ys OV.iL* 


j l»—>■ <^jj jj j>C* b *—*i^ (^IdJaii XI yy O *£ O—<1 (jiLtf O J y- jLj jl dla>J jA ji (3 j 3 dlajlj 

.JLtl> di—I j j\J» j! jl £jL- Ij 

d - r j v = 7X0 Jajljj .xS - jljjj (|>...>■ iljol L) n..,>• OoIj J y- ^iTl 1— ^ lb ( J^»J jjUa* 

< ^ I >«jl jl 1—*1 .Hq— 1(0 + mr (O >,l. '%£ di.„>»o is^ j //o *—< J*j—OjL«£• jj jl y^^y Ij 

■u~i c —' I + mr 2 = I 0 


[Holloa ) 


(vn> 


jj—jl .Jjj OoX dladj J y- (_£ldjjlj j*I—j* — jjl ZiS dJajlj *£ j*jJjj! O—X; Ij i—V jjl z .iL if djajlj 1—Y L y>y jJ 

.ij-i^y* dOijj ^Idj^i—> O^j>- ^Ijj (jiliJ-L (_J^S" Jlj&l j jJl£-l ji djajlj 


1^0=/o' 


P IM„<* = /„(<»; -(0,) 

4 


Ci-W) 


i$Xj ( x»>- d5ol ^l^j 4 ^^,^ jl^j ._J—> («—>■ c£ y (_£ljj Ij t^Ljjlj j ( _ y Lx j*o*j* _ 4j jJ> oVjL* dSLdl&j» 
oXjjo jl—L^ *~S (*-Ojd -jl |v-j .ji—s>- iljl <w^' J- 4 ^ (*—j j< 4ii j^ ^ LjjlzOS' j Lj y 

‘j*~^ l# - V^" tji' *i 'j L-i d^-jJ .Jjj XaIj»u *xl» jl (jJL- . 0—1 (^Idjjlj j*o*j* Jj j£ j j»o*jd jl Jjj jo I 

b cs' 4 —ij'j y^y j J**- <y*y yi> y ’■•>£ ^ ^ LJi—* jij;^ ij jjlxii 1 j jy *s jjL;Lx 

.ij*J £*j>- (►* Ij j*-iz—• 


j^A 4j Jj^ a JLo uL tf jeLwb>l 

j* l?'j^ JJ^sl I^j .ijj jKj jj (»J* dj J-^aZ* uJU» ^l—drl J*i——. (^I^J jljJ^j* Ij j*J^*jd j d^J» oViL* 

t^^ji d *—-y J J«—>■ iljl y jl Lf ySy "\-\0 ji .O—<1 oUol ^Jjli OjIj ^yr Id jO~—* 

, — w, l cTild y diaii OLjil ji dS" 2M 0 =H 0 j2F =G Jm t-V J 1-1 oViL* .0—1 oJjl oili jLU j*Jk dj j—az* 
:xl xa!j>- ^jo^- dLsL- £y+>** y .*j£ ^r j doijJ jO— jl jOip y ^Ijj jl yy Ij 

£F = G j + G 2 + • • • 

(VM) 

ZM 0 =H 0i +H 0j +••• 

:jl xJjLp <3ji L>ljj 3jj>v» ^Lj dL*»li l5o ^I^j .^l^zil J^Li y 

f <J 2F dt = (AG). f' I ZM 0 rfr = (AH 0 ). C\-\<\) 

L^lj—; XI—a j»_a O-j—?- ._sVj*- ji J ^jL— dS^ ,J^>*JI L y^ e ’ J oVl—aJl ji *S JL—L dlJLli dj *-y 

y d_kdj <_£—j O dkdj dS" XJ^ dj-jj .JsSy { J^>~ I j j «Xi t»Jj—s»« ^^L-li (_£j jj .jQ—— 




AAijuo jC> <_J L g> |oL* 3 -I Jwai ^Y'A 


F, 



F 3 


*-16 JSLi, 


(**!*$* ^Iftj 

^ $\j—> Jj—^1 ^jjl .wLJi oL^ j £—^0 iS^ji ^yL>«j 

jl kS^ji = ® 4 0i^ Lf* 031x1%-/1 Sjj* 4j ^J. /al a U 3 jAL» <^ JL^ |%-—>* 

:.l£l (JLJjL o^°j 

1 AG = 0 1 [i-\ o] 

•“*—(’““■ 4 y* *i JJ ■* 't'^ J* C—>i <u& ^j| j^iLj (j j* <1 »jIj 

jj—jiJ jUj jl (^IdA^j jJ dJl^’lJjv ^U C-i-J L^Wj'j (V^j^* C—I y£*-» tj»^> 4 j J-^al* >_--Ls |*L~?-I ^ :.....,« ,^1 

.i,^1^ -UjIjj (*-^j- t-Aljl^ L f^~ *i j^ OlJii J» jZ> Aj Ul tJbUJ 

L y?\—>■ j OA* Jt)b>- ji t|*-- <j (J-v^Lo v_J^> ^L~p-l <^l^ b j v_-L«» (*-~sr l -^i l$I ji j^l djLL« j^Ip <j 

:dS^ dsuw tJ-ib y. s<a j^/ 4 Jj>" b O yyjt C-jli diaij J 

[AHpgQ ) b [ AHg-0 ] [i->*\] 

b j O OjIj aIiaJ J_p- t^l-ijlj (*-*"•>• ‘-^jI_^ cjl^ijlj dj^!> <ijSjA >_jLp jj -S’ O—<1 (jjl ^jLj (3_*i diajlj 

n - > >«^» O—-I J. < n*< ipA Aj J-^> '-~Lo fl~>p-l <jly .XS^yJ dJ £j> J j>- 

i ^J p r J*J* b OjIj diadj J_p- cSldJjlj j|jj*j SfjJi Aj U IJjUJ j~Ju jUj jl (_$I<A y jJ dJlS’ljLp- ^UOuJ 

l3 J b^P ,jjX^U Aj jlJ jj-l; ^jjl-f^ dj Xjly^y l-)”\ Jajljj jl (_£> jA ,ijs -L&l j^ii J -UjI y (^IdJjlj |V^-« J* 

. JJ—iL 

,0~~J t_jl>«il Sly+A* J*J* jl a^bilwol f* Aj ^L~P-I Sjj* ji 

(J-Jj»J Ji f-^J* Jj—<»l jl aibi:—-I 4-t-i jlj^- Oji <LSy- J-^a3 jJ f-) • j Y*-^ ji *>Li dS" jjlaiUjk 

.JjL.^ |i--ly Ij cS^bj 0*>L^—; 4C—I jl yy jb*j jl ^y-b jfi O-U ^I^J J Jyj Jb^pl LgJt Jj a£ ^jjjl —A 





»y> _ AjjJs CjVoU-o 9-K (ji^u 


—JL ^> (oLu^l 

iXx-^/l JSLi j—U 4^j<_i*>U 4 ^^ j <ijj4 JIj&I j* «x>— -k^j' «■& j' J-a>'>- 

Jj_» t Olji A-jll* A_< Ij ^L—«>-l ijj_?- Ji T~W J a -C—I f 5^ ^XA JSOi J ijyi-jl L#r ~l 0«Pj~< 4t_SL—% j 

f I—>4 <^1*-* j^- j-S’l^ jl }JJ>-S' ^Lj ^Iaj_,J jl ji a£ j*- 3 j£ ^ J* 'j <i £j* ^jy-y J ?>*£ <J O'— 

Aj j jl Xl> JxiIjJ; jili JsUjl ^Ijj .JAi^ £j (iji cJU- »j!jaA L ^y > Zjy'S. y ‘4-^cf* JX* 

C-Pj—- Uj ,/jlj C-Pj— aS" ^ <-<ij*^ 'j ij_p-ji —jj-p ^ e 4Xi£jl —»j-4> ^ c --' f j^ O' j' Jr» 

C~>LJ ojL* _ ; _a ^1 ^ ev_-j jJ> <ijy-y. *£~J$S i£jy* y **;y a—jLL* <_sIaj y jl-Ai*l ji ^y*-* ^—i 

JSLj a_( ^iL.j t 3 jb iljA 4j aS’ #jlXl jUa aj e a£ -Ui^ jliJ xx>- oULap-J Ul «xi ^^ 

ijOjk U tS_)SjA (*^-a j' OLijj_p-jj aS - ^IaaLa j '>jy y J^~ ji> *jy-y ^-y j p—’r 

.JLil;^ ij JI»*a j yj^ 'i jy-~* J »X>»-j c . tS jlj y^y> tC. — l 

L; fl—■*-' <j£y j* i jy-y. dy. y.y> j' *& ^jy-y . #xi ® iL - (*^‘ <S^y t r i '^" y 

a-S' jl ^i- j^-b- jr?*-® ^ •*,i5ji^ - ^ ^jj' j ■*>■ jl jji-j ^l^jjjXl #iL- tX^ ojlii^l jJca ^LaJ 5Li 

oO-X; «XL_^i‘ y\£ j^l ji *C—I Aa JS Oj^ jb - ^1 jj ^-IjA yJuj ji J ijS' Qjl® (^L-i <i OljJ^ Ij <ij£> Oil 

t 5l4_XS' j^-ii j ijy>-y vi—>w aS' ^UU- ji ^l^jlj j Ja>- *IL Jj^»l jl pj\y^y <. Jl>- jA U .0—1 

JaI^ eili— I Igjl jl «XtU ^jb^ —JLtf ^L~>-l 



P-)f Ajygj ^JLLywyo 




Lf~iy JJ* *i s “ Li *4^! JjIS - -V *£ P (Jjj? 
jl ji 4^ xL^ Ijil 0 >jX -o P- VOt aUIj jJs o y^y ijlj jjLo 
J* ^HT ./' -vl—-I <-XU —*- j{ jj^> JUpI j l>jt jXjj »_—^ j> P 
‘XdX <_-^ r o<—- 4_. */\ m/s t = o jj j| jS - ^, ^ aS - ^U- 
^ -4^ 0^° ^ iSJJU pI jl (j-j aJU U lj jl (0 (^Iaj jlj Op j— 
jjj_, oj_>- j-S - ^ Jj_s-Yo* mm o_>s—Ijjj £U—J j V kg ^ ^Ijb 

_ -^y yj^ 


.c—-I oJ—j. sjLX jjS’x* OS' j>- oll_pJj o~ « i ja lS^j ^>- iljl At..- ;J>. 

O^- .XloX-i ^^aaOlA t = \ * s 4_kJ ji ^IfrX cjUjIj j J* J t= 0 4k>J ji <Jjl ^Ujlj j Ja>- 

.XS^y Oilb^A iXAiy £y <_S'l£Jcupl jjX AS’ ^jj t AS" 0—1 Aj F uSKk->l jjJ 0;9W> 
: j*jjli o Sj>- jbj JS (^IajjIj | %X^JA _ A Jjjf aUIj j { Ja>- |0*>A - <*jJ> Jajljj l 

[j^F, dt = G Xt -G Xi ] J o '°(6.5r- F)dt = 60[0.450cd-(-0.9)] 

[j ( ' 2 2A/ G rf/ = // 0j -// c J 

J o °[0.450F -0.225(6.5/)]rf/ = 60(0.250) 2 |g>-|-J^|- jJ 

aJ^U* L (1) I £*J>- j ‘/to* J J aJjUa ja^S” —> ^-9 t .XU; y b Jl J>-b XL lOl jJCa F ,Jj jJ> j j >- 

:0-ib |*-aIj>- w ^ 1 ^ aJjU. J?- j ^5^;? Jl^Jl 1 * ^ oX» aUIj ji F 1 Jjl 

(0= 2.60 rad/s ^_^pL Of>- jj 

J 5 " j' ^ a — tSJj y. Oo ;0 aLX J_p- 1-W aUIj aJjU. ^^jlSC; L Jp- *Ij 

4,5 ■£ >—_j iijU tSjj? j (VA^) ojj v_jIo-I oVjU» 

:L. ^ J_\j o J J~>- (^l^-jjlj f-XAy> jjI^jLo .o-l jLe ^ 1 ^ O Jj> I ^j ( :j _f ^y, OJU y> F j 

^U_J. r J *ij_, ySy dj-2- Ojr-I^ij j\ aS ,H 0 =1(0 + mvr = mk 2 (o + mr 2 a> = rri^k. 2 + r 2 jty 

.0—1 H c =l c (0 = mkl (0 jk 2 +r 2 =kl l^j .0-1 H 0 = H c aS a aU-^U .jaI^U .0-1 U in y \j, 

'•{±y$ty l-w aUIj jl j^1 

[{ ( | 2 ZA/ 0 <* = tf 02 -// 0 ] 

J o 6.5/(0.450-0.225V/ = 6o[(0.250) 2 + (0.450) 2 ] |o>-j^--^Ljj 

.0-1 c5 L 5 aJ^U. J^U* t AJiU» j^l 




4j Cj$C> Luo 9-k yJtj 


Juido ol5Li 

/) (S^H9K <- r J ku' •/d&fj* O9H £/& “S'■jA&b oy^ty 6 C 0)9* )JjsLd c-a^ ,) l» / fbuhf'(J)Uu <u_yl) <tay (jm&aa 

•/mU i^aS CaJaui <0 jjJj ^JtHuol (S9M! ‘A^k 0! )/&£-Lw L^Afi y ) jjJj jjJ yjtijjj'Ppa&t Q)9 4 ./Jjjb <tZiil) )yJjie-Lu C*Af£ 

.LlA-ujI l^a-uA G Vj OyjJyjCj .)phy (jj>/* XiZaauH tlAff y) (jLfj j^fcA c Za£-/* u ./auiU <GmiI) <Uiy rQjjApA (JuIIaA ^jt*OooiU Oj Li{?) 

.llAM/l) i fjixA Ocoilc f) <| ‘luJ^y* (J&A 4 JL 44 •»/}&* Gjf dfljl) ILlAMlI (jilt 4jfl J_jii (JaS^uUI 

l_ij l)A4* .(JjJstU f jyJsic-Lw llAf-i y) C~*S/mi [»/lZlu4 JC(JU#4 ^ <Za£- yw (j)p Caua (jil}Jtl (jfJJ £yA (Jyt 

■J«i ifyt ^ i J Jjj) (jilt ciul/ 



f ’o =1.2 m/s 


^L*—i j 1“* kg jjljj yyr <^ljk ‘ 4 -*-* 1 «ib jL^j £ _yNL> 6 j*j* 

(J—«->■ ^Vl—»Ja~<jj ^ i * kg *■> D jL .c.—-1 Y o • mm yj* j* J<L)^ 

(C--I u = >/T nVs j->\f ^Lj <*-> C r'l<-Jjl xS - ^IdJosJ jj aa 

l£jjZ-> ^(_y* W-C-Lj 4—£ a Ayi\j »-£LLJ9 a^^IP-L- 0$>- jJ 


0 Ij .j-Sy (0 tf\*->Jj 


.A) I 5 ^Slj JjIS' jj F = 


rA* N yly 



j j 0 4 — la<i> ji 1 j T ^ — tS j oijA^j <Lw)Ut^ i_5dLi> jj jjhJL? JU^I jl l} ^j <uiU 

^1ij J~0 lAi_S’l£k*dl aJZ ji .JLlS* Ij-J C-S’ 

■ jJ Ig—il ji —~~?r il jl *a>~* j j 02 I 2 I j j»i— ^ i_$u j*Jk I; «^i^5 j jIj :J>- 

tj-iji (0 —i (^l^ajlj C-Pj-j j 0 dJax) ji T { j !L 1S .0~-l eJLi oib jUU 

J s0 CyU ^Jaftj (_$l4jjlj jvX^»_ jjllJL? dJilxx jl o^ U: ..dl L .jul<k~~« JJi 
.j»^ ’ «S'^y» Ij TiO ~ « q.^»- ( ^jU £ j£x> ji L> 

[f ( ' 2 ZM 0 ^ = // 02 -// 0 J 

I'^Modt = J o 5 [380(0.750)- (30 + 40) (9.8 1) (0.375)] rfr 
= 137.4 N.m.s 

[H 0i -H 0) ) D =mV 2 d-mv ] d = md(v 2 - «i) 

= 40 (0.375) [u-(-1.2)] = 15(0.375©+ 1.2) 

= 5.63 ( 0 + 18 N.m.s 

(H 0l -UoX^fa-Oi^+md^j-V') 

= 30 (0.250) 2 [©- (-1.2/0.375)] + 30 (0.375) [0.375 co- (-1.2)] 

= 6.09 (o + 19.50 N.m.s 

4s**.Zl J +Z*ajS ^Jajlj ji (_$jl.A^jl>- l) 

137.4 = 5.63 (0+ 18 + 6.09 (o + 19.50 

(O = 8.53 rad/s j^cpLoL «_,! y- 




J J* ^-y ^ -fijiLf* ^ C~*X b Jo?- yX>y - jy ^b Oj^' 

- r J> M 

[j^IF dt = G 2 -G, j J o 5 [r + 380-70(9.81)^/ 70 [0.375 (8.53) - (-1.2)] 

57’ = 1841 7=368 N y\y>r 

-J- (_s'^_; 4_i' J-*by i (O j T dy* ji t/* ®yy C jO* J.p' ^ iSW *j b ./' 

J?- <C—>1 JJ4>~» Ji (^Ijb pA o'\ a£ jjS’X• ^bU-* b jUj pA \j\ jjy '-f*' Oijjf 


J QjlfJ(j» I, <JUl Mil tjJj J Oj'fjo /alf U <tf |«lu^« ytfl/j .(^JJaA .JjjftAy! (jij-t llMA^,) (jil 4 c^uiltf- ?,> <0 0 

.LiAjj/yi kg.m /s cj jyo 


?-\9 dJ^oJ aJLLwmi 

^b_-- iSu iJjj V llp j~* b »JLi #ab jLiJ t-SjL 

t$jj j-; £-*b ^ ^ *£ ^*~»l •)* t#"' 

C-P y iaJ^lai t— iJ~0 «»Jb b 3jy jt j3 C « - »^ jb jl .XS3 

4 j j' s ~ ■ * - a j^, L j » j^ 5" Obj^ <l 5 ij <-^^b -Lx 5 ~ jb^. lj lSjL> V 

.jxS ujI >■ b = c ^lj' *i b A£ 7 F >£jJ>\ <-»5bl -U>ji .jl- j> A «ib--l o~oj* 


O x —►pj- 

-Sf. 


j ^ J^-P (S^y. ^j) o\jr* <t O <L 4J a£ ( jJ>jb 

®y L; * —jbl» ji 4_b ^li>jl *£ ^y>ji •'^ ( y obj^ ^ J y ^j ^ ‘<=r*r^ j J 

jb>ul OJj?- <-5^ j -J IfJ j jy^y. y y .J—ib 0 ^£ Ja^»j^> cJjL jL*jI 

L»—-1 _)~^b 3jy-j> jbj l^jj tJLib^ oibJI(3ji Ojj jl (_y^b (^I^Jjlj ^1 .C—l mg 0 jj jjbJ^ 

• J jb *IL O Jy>~ jvr^ 

- i\jJ J »3j-> ^jJa^ JjL*-. 3jj->-jJ jl J-J C— **j3 O J_j-J- £ J -b A_Jjl (^l-Ljjlj f-Z*»y 

0 = l)/r j_<l<-$bb c^l^jb ^y j iC *ji W j{lji ^jyy. jl (_r>i <b^b5b G ^C-p. c—<1 7/o=»iu(6/Y) 
:b c—I jjI^j ubj J *1 {jy O ^j ^ ^ y ^ ^yy. j' u~i O t5l<4_jlj (^ 4 ^ > 

[H o = l o 0>\ H o = |-j^ m ^ +c! ) +ra |f] + [f j jj 0 ’ 

= f (»’+<> 


, ^r : c5W_?b J*^! j' 





6?r j^LLo^'O “ ^ij^ 3 P-A 


[A// o =0] ^j(b 2 +c 2 )o) = mv- 


~2Jp 2 


—« .« * > > • (^jj—>1 S” 4_» O —,>il ,_yA^ A <j d)I (jJjL-j j (-S^L d)i^ -iiL (_^ljj jlj v 


hJ 


[a7-+av' ! =o] 


w# 


: 0i*^ Jr-^ i Sjj\ ^ 

= 0 


A E \mv 2 -\I 0 ( 0 2 k 2 0 o) 2 

(b 2 +c 2 ) 

3 b 

E ~ ±mv 2 v 2 

3 

W77)\ 


fS) 


AE/AE = 62.5% 


:l» Cw<l j>\j» <—-U<sjj 


I^jli £ = C <^ljl <* 
<-jI yr 


Juix otSsJ 

o^‘ (J/L? /J fciAii ,> uU; o/o* >Mh iS/ti *. •<-^ > <*t k >Mm <Jk M ^ $ O 

.juit^yi i_yimA <ti (yjy sfliStf')! (jUjU y$ (jlftil ,■) lZajO <th8j (Jya tjlfyl) 

toy >M/J. (J> /> G , 1 /in f (Ji/Ju yMis <0 Q 

.yuf^jA cyLilwI to Iq = / + TTir (JliZjl Ojjjas jl ItuiJ j) ifyjyu (jIaIu © 








6f 6 JiL- 9-K 



y- 1 YY <11— JSLi 


-UL. Jj iV1W *h _. <1 jiS j>\ VWA 

O x 'J .Jul ^bj -1 a**jL» tJ.il; c«ib ^jV jbj •/• • \ S 

‘ J j J j'j 4 -'r* J j jJ^i 0^*" J j ^ U!^ ■b-'jj *5 I J 

.jjiUj .aiiu vm -oj _. ^u; ji .j^ v l^ 

4-j o** m/s if Ju I L YA v-m 

Ojs-**ljij £b—-i (j \jb * —S’ Y6 kg v_,—S’ iS. _ >j\ 

* -U»U J\ .J— -s^» c^l- o\ tC--I k 0 = Wo mm 

<-llj iS. — >j\ 0) c# j~> tJ-iL h = \ *vo mm 

• J r s ’ ^ JJ o' J* <* ^ j' ^ 

<u= */v*r rad/s ^1^ 



f’-IY'l <11— JSL& 


n jb <_J <ulji_J -o 1 • wtf V WO 

^'j*—-' Oji-'jij £_bJ. ajlj JSLi Jjlk. 

cSjj J-; j ° J j-! ^ = Y • • mm ^>- j—S’^ J_p- 
JJlfctf-I J^ljjl ji ^"l . JlLfr^ jj Jj jl J-~i 

«A—*o A_ajIj A tj ol (0 ^14-j jlj kl*pJ—^ O 





j-Zf Jy b iK*j ti'Sj'j \-\V\ 

JjO-* j'O—< £_bJ. J > 2 y j~*j ^y>J .x£ 

i$\j> D -Y c—j* JjJor jl .c—l \ IV \0 •') km y \y jl 

Li J»l—ujl ja ^L*J>y .jjS^ »ali—I jL! aj^* olp^Ual j>\~> 


.JljlJl, mvd J 1(0 o*>U>- 



gjy 


y-\vy<&~> jsii 


o»-> m/s ir jai <J^VYW 

j «J—i olj—ijt O <kli jl <S” ^ • kg -o OA tiCijL <dL« 
lj <L» 0 ) c-t^ c~»Uol tC—-I IjxiI ja 

t-j|—s- 4 «-b J^oIja^-djJi'aj^^jl^ -ds«ls^ 

.J^ 


<u = y/a> rad/s 











f-IAA JSLi, 

op^ L_j r £l«_i jm {jr <j \-\k\ 

L-> i alJ-JUil jJ (Wo = o) Op j~> djJu V 0 *Jj\ 

Hk y\y, ^^Soo- t-SKla^l .i>^,y* j* ® <;a'j 

«P O; . J_*i5 lj U^j - 1 ^ <l)L-*j O J* iJUiL 

J j cSa^" —ijlj op j—» j 

•■‘iaa* c —^ lT 1 ^ cS^' 

^ __TU._ ( 

si^l^k cos0 — Ysinf?) <r ’' ,i: ’ 

6U./I* 6u o u*/r 

u =-— , co = -— 

v/^-Ytanfl v/^-Ytan0 



jl^lj cp^U-W -do, ^jC^/VH* 

(U 0 = o ) ijj-£j» Lf -^- C-p^ j jJj L- o$>- ji 0) o 

•jla_j t ol—«j oJj «jIj jly jla^-i ^jj a 

(0 i^\*—>_j\j Op ^ j V Op ^ a j“Ap <j . JaS - I j ^j «J 

.Xjjl c —ii <o J>yi ojji jj lj jl 


(jljb ^/^JLT r /1 jlijL-1 jjjo eSL^i VUV 
laol j eij_< ij—>• O jSj» J^>- Y o • mm jj^l^ij £"l*JS 

OPj—.» L» O jl sJ—ijj? (_gj — »P OjI—J jj >ta Jj>- Obljl 

o^lj^L tXjL aJL« .a^* aljji N\ = 1* • rev/min 

jL—i Ja_A^j ji aJ_.v a^b jLLi OO j< ji Ij^l */^ kg ^^j>- 

d-pb jjiLlLxpl ,0^1 j_>^~» <Jl>- ji <j o>0 

(jj£~» OJb- *J bul ji J ijiL jtO 4j aJL* *£ 3^i^a 
N r ^J^r ^Iaj_> lj Op^ .ijly <j o_J 

tJjlaJ J ^blla^al O OiLi jliljlj ji *£ ^ ^jl L lj 

a»«o jj ^jJI jLJi ji i-Sl £ l a . /j | M .ajS^ 



f--tAY-Ui—JSLi 

m ^j-^ j t • • mm ^Jai o ^lol^ol *Ojj V^M 

i$'*—ij'j i—< -ij-^ ^j-iii tjj-^j* jj-^* Jj->- ^ 

t^ijli ^j—s'y. ^—£i jjj_< ijos - ^ jijji w G = r* rad/s 

j^ 1 -^a-^cf 4 ^a c* 3- ^ t5 - ,J = a — j- 

ioL>ul Jj_l» o Vo s oa_ 4—i ^la .a j ^-"jj l j^< ^j*^ 

j-S’yi U OPj— - (a^ijS'L* j /i* ^/L^k^l 

.aajjl O-iJj I j JjL^ C_ai jl <j AO 


.oo kg a_j i_SL.Uoi (j-iji jLo^I i_5n__j *\— 

(Jjj a 1 ■•x&ij* tsU *j tsKa'j j^a* J a*" 1 

j_Jai» a>»o» »jii ja*«4 a ia~^ ^ tSa*" *i iSjL> j 




&f<\ JlL— 9-K^ 


/V ^\jy c 


N = XV* rev/min 


.ZzS i_jL-»- Ij <C-yyot 



*-Mr <11—JSLl 

ji I-UjI jJ LaoJjJ^ j3^ 4&jI *j <>■ y li "\—Y 
ujU L y oJ-i JUpl <jU j yj tC—I jLa M JjjS' j »iy 
ij-jji> j ^ Y * <> B jA (_^U jy* 

.Xl_«J J— onj Ij «J—ji jjj U .til ty VL uijk <i J 

jy y.J 3 jl M = "VA N.m JjjS’ JL»- 

(i— j-^jj-i «-Ui£j^- ti s jl .ij Lf -* JL*pM 
•J—b^- j j—- c-j-^ ji Ij U kg.m 2 /s 
lOo j_^ pLol C-f>- y 0 kg.m 2 /s (^l<ijlj pZ^y 
l S OJj ^jJo *S Ij R B j R a (^Uj ji^li* -Xz£y 
y .J — zS <- — oj — i>y i jlj L* j_y j-i >_ jL 5 L jJ 

^ J j 'jrf- r~^ O <j Ij Ij aJLid^y** 



iC--I (J2y*£- yjy *£ t$jj» <i Ij (jl^j^jJ j' J 

*-i 'j j' jy* l £j- s Z O-^ 1 —>-j>- l yjy '<S C ~" J J j 

■!*»■ *&jl 0_>-l .Jjj^ jJ ^yiil CJU- 

«.UL— jLj^-JJb .-L^S - y—Ju j^^r* ^ jl j-1 (JjS’. j* 

■J-jjy y jljj-s •«_; r* rev/min jl^. L ^ 

jT jj;—Ijij £t*-i J ^ * kg ^ ,jljb ^>- <ijJa J\ 
j—^ji J '■—Ol jljji zzs-y* j k =Y'« • mm y J y- 
z z—y J>j jj) jl—I / ^ ^jil jl— t -Lil Yo • rev/min 
•Ar^ (jss" jy*-* i-iy~ Ij (•«!«• «jb jLU 

I-XU o kg-m 2 ^j\y. 



f’-Ml t <ll—JSli 


f-M 1 <11—JSL1 


Cf^VUI <li—cSL.lii ^ji il—I /IVW 

js-s" '^ 0 > < *i —^A*° Ij ^ 3 - j_ja— 

J-iAlj^- jl j> r — b I j A/ —Jl jj j Ofr <u»- t JLfc j 

jl oj—-T c^.jj v'j-^ J oJ —" »^li ol_p*>U>l aJJ jl ?i 

.i/ oli—I jljj^ VHI 4ii— 


Jj_U a_,A c^lj^, <JL. y jl JL 4-r JkV^^r 
^v U-^l j » j ->. Vo kg ^ljb r • • mm 

£U_1 ^Ijb ^/jJLS 1 <_il .c—I .JL-t Nj] B jU^ 
f>>■ (%jl* jy^“ dy ^1^1 j\ l" 1 ^! y j >*y> i • rnm j j—l jj j 
^LfcC-jiSji la<_L» jj r* • rev/min c^-^- l 

<» j oXl jlj! la<L* £I .XSy jljji iJjIdJJI <— Ij^j -Jb 



j ^yr iJjj >,A jjl*> ^ <_$l y\ VUV 

.JjltJi—1 tala jl—lj JSL—i jj i jl t _ # -l^SI j ^rT d jr^ (*—**?••“ 
JL**I t _ s — ^y~ iJjj y jyy & y*y 

L*^LJii ^jj j-j jl <—ill—=L> j (^jl—* jjLi£ 

C^>- Jj lj jl ^lojlj y*y i -ri‘S jd *i J 
£jj —1 j jSL. v^JL>- jl ^lj^-1 J£ /1 ..ua^ j^ Z 

t o J—«^I^-j I j M c-jLJ jjL:—4 jyy J * i y j £*Sy~ *i 
(i»_)) j L-woL^ii (<—«_JI) (jjLf—1 cSl^jjlj £-*■ y cJjUJ JUpI 
J-* f,j—T .j->J j'-' oii* 4 b tw^* V ^-r- J £/r 
•aj—; / jjljj Z j_p^* J_jp- jj J''** ^ U-jLa» 

£j—>T J-P* 4 -^cP Av j<b< V £PT libi J 

.LL-jI ,jJaj* LwLjO Z jjli* jy** ji 


ig l^: .*a L ^jajJLS’ Vt iJjj jlj C~£j»I * “6 
-J-j 1 y y I rev/s C-p _ r — < L_j j*Jl» j_pu J_p- jL 

J -LIS’ £—>- I J ,jijL£L« j A>cL> Ij jl A/ ^yl Jji y 

o\ys> <> .j^S jy3 4 JJ 0 j\j» ySj iS£y jy* cS^b j J 

^U<I_L* «Ljli* 4_; Ij t-Li jL (jljLiJ tJjaJ J{I3 4_jjjD *-^i 

v kg j *\a* nun J,_$!jla lSL_> ^—» <S tL>Mji£j i_£jjL 

*jlj—l i_£j 4j Ij jl jJj _jlaj ja ^y 

jl .J L-IjSL J-& ja TT‘ mm jJai j VI kg ^yr ^ yy 

Lj Ij -l - .l S ^ l a ‘ . > ^*_J j C«^_J>I ^j—j l5’1£1u>I 

j 1' kg j >y <1 Jjjj Ajl_yLl I^J JjU ^U-Li 

.(JojSL J& y rr* mm Jhi 





jl 4 ajla r ^r VA kg 4S J*-\y£. J* ^jL Vm 
j aa £ l*j o-Li tala jLLi ^ial L—j *Jy ja jj^-« <Z-JL>- 
<uJ J _p- ( _ ; i4>- ( _ r j j jJj j CjLoI A CjU <J a. 

CjLoI jl L y tJL^Ij*>L I j (-S’_jAj 0) tSl^Jjl j \Z*S-y .Jjf-yy 

<u— jL>v* Ij ajj— j^jj jl — 1 L tSjj —'I ‘-i^jl w -U<»ja j tJ *. 


f--l1Y <11—JiA 

^yr j-5y L y j?l^» W/0 yy oL« Jj-L» VI 

Jjj—• .J—SL^a G Jj-^ - I/A m » tSb^ J ^ 

pSLS aljl J»_^L_v Lj 4_S C—»l oJ—i ,y«-l^ <£jJ° 

4_j jl 1 -jL jLj— jl j?l —IjI ajol* ^la-j ja A km/h 
( j~_j t^jl jj-lj cXLfcl a jyy, *!•* jJa—> j; { tS^y*^ 


u——H 300 mm 
| mm l I 


f-nf-<n— jsli 





JjI—> 


t $l4_ i jlj C-c-j— L» iX—ji <5” ^U- jj L*t5^ .xjl».Li 
L*j S~~ji <-> c~——; jj£- cJb- jl jljjJ 

jj£_-j 4_j Jk—-O 4 ; C-—» b-l»«* UjLJp ji J 4 -Ll 

.JL jS 4.._ jUu Ij i_Ss _ «jJ -Lj-1^- (0 (_$U-J jlj iL-t-j—' 4-U—'j? 

l^j^ Jjj^-jJ jl |A£| jI^A4 Jr??*-* 

J 4i j—^ ^liji_9 j£ jki jl .XjS IJL Ij UjLJi (^Ljlil Ij 

,x£ y_y JjI ijy ji 


t-Y • • <1L~. JSLi 

\ "\• kg j-> I ji yy c$ljl J L»-j(-ai i^j <jA; Vt^ 

• C—»l >/l6 m j->\j> Z jy dy jl djr*^jiJ £j*«* J **Ji 

. -< 4_>«iv» jlIj ij y ji jl Sj j* 

Z jj— ?** J y UtiL-ai j^l .J yj i yki A kg jj_) 4 j 

opj_-« 4 JoL*j jljji V* rad/s ^14-jjlj o^j-.* L» iy- 

^jjjL51* lSLj 1sl_*» jl Ua_>oL<» 4 —&jl jl I j\ 0) (^l^jjlj 

jt—Ju jl .JLlS” j-j M 4-D Jyy 6= Jtrt »jlJ—»l 4 j jjLsMj 
,aj£ JaJiy y jy* dy L»-jLja3 *jJj ^*y \£y£ 
( 0 = >/\vi rad/s ^>\y 



f’-Y • \ <11— JSLA 



j I j (Jj -L (0 I4j jl j 4 —j—* 4 -L-Ij 4L*b ^j~^> 

< ijy jj daij Jj>- ii jy y j 


JJLjJ 4_jL c£l>4_J la—J y 4* (j’UjJ* jlai 

.c—I *\ m 


8 km/h 



MU <li— JSLi 

cJL»-jl/ Jj_U jm ^j_sr 4_> ^^1-; 

A a Ur. j£| ,JJ £y* I—*J 4 -'~“ 4J I J jl—jJ jj£~*' 
^|4_j jl j C-t- j_— <jj-l J-o-* B ^VjJ 4j *jyj> jl (j-j 4j_^ 
,jll£ 1 j _>>4 i x 4 _——j>- j_j ^ jyy. jl (joj Ij <4* fli 

.JL^ (jjlajj* / J BY 4 X = 0 j^ljl 4 j Ij »JjiI O—»X> dailj 

(ih-x)^h 

0) = t—: -n 4 _jI j^ 

(y/ -Ix + x ) 

r-.. 1 ....H 


jL 


Mm <ii— jsjt 


^Ijb "\ kg 4 _j ^jjX-. jbjLi iSd-ji *V-t* • 

jt$_>- 44 .$—jj .jLiL^ 0 Jj_>- WO mm jj^-ljjj 

JjLLm j J—•/' 0 kg ^l-AS - j* ^j^- 4^ Ij ijj£ 

j J j?- Ij 4Xl»Xjj 4— « J 4^—j 2 (^IjbjL-i jj < 

(^|4_j jl j C-P j-— 1 _j 0 jl 4-tJ j JS" JJ- 1 ** dj-*~ <jl J l jl 

SyyS / jl i*-* -^cr* jljj^ rev/min 

4L-ib 4^J J y- !j\y Ji 4»Ji—U »ib jLU *S Jly la —y 



A^jua ji v - J L o fLj>l j _ J^aS 



*-r*f <u— jsls, 

jj-k 4 j JSLi JjUsj ^bij £» «_jT ^ji V-Y*0 

--> o-'- i LSjj-tJ VJ a (J-" 1 <- J « l£jj ji t*" 1 

^ ji ji Jj <S" tj Q jJLi <l—J OPj- ^l-b- 

4-^ -O ' -f T ? 0 -j l >J_li.J j j <i i(_jl>- jl 

jj jlJ—i« jl j Xdi-^ <-& 4J (Jjj j* jj-k ^ji 

.jus 1 ^ o • • mm 4bj»li l» 

Q = y^ro rad/s ^1^. 

CDa 



7 mm 
JSbi, 


/ Jj—I* j fit fj-^r 4 ? ^ t>-I ji& jL 4 J 0 "\— Y • 1 

jl A (^l^iil *S b xS ^ oS" jp- (^l^jjlj op j~» jjJj 

OjL»I jij ( _ r wl_j jj-L ^ <• 

<-> <S lj v, <Jjl op^— jlji* JSia?-1.Lib a = > o° ^i 
iJ—w"J^ |*JU O^ x ijJ 4 j j oi j*j jljji A Jj>- 4J0 jl (^Ijl 
?C—<1 jJli>- 



O-J 0-Ujlj OJLJ>o *4* VY ‘Y 

0 >Lw(»l ( j_j«j 4 _; jl A ^l^—jl 4 SL.I&A j -CLLS" Uj jjli 4 j 

A ^Ifbl J\ V jAji jl ^L^l ji jA. cPj- 

Op j —«j ii j - -i V j) ,ji~«<l*j <laAi J j>- OS^a- jyXj ji 

ji?* 1 L> 1* # W 7 ijj^^ 



jjJ—1 1) Op j~* b 4^ jp>-\y£j jjJU '\-Y , Y' 
j »-Lj*j 0 jl-b~i ^kj. 4 j jiff Is 40-»l (jillp JU- ji ,ji ji! 
lj t/ ji £y op-XS - ^ jz *J ^». iljol 

jl /I j «iJ-S" jU.._.,i Q l a ..,^ jl j Vb jlpl ji 

i_«_L jlj;«. . i ^13—* Lj i c —Ip 4—I 4S” lj 4jjl (5jjJl 
■X~£ Ij^j 0 — S • ° (^Ijl 4 j tij-i^ 
u'= y/r(^+Ycos0) j it = •/• Y*Y ^Iji- 



f--r*r<n —jsla 


J—lb 4Lili ^yL-jb *£ U Op_^j ^Jiljj- *\—Y * 1 

i .XXS j—lj ijJ^.—» jjillp b jfcjU jl Jaii Jkjljj 4S" 
C/Y ^ a*j> J ‘>y. k J^£j* - £/7 Ojs-ljij 

•ijil^ 








J^ad 6j3*5 


iJl\4Sij£ j\j 3 jjt j 4*JIL» i jja i}y£ Ij *£ ^£w*L .5 L~>-L« j (J j^ol A-JlS” jl "\ ( J« - aj jJ 

JJI—. Jp- jj ^L-l L $U ) _^u jl ^ 4*- j jIIoa cSy J-Uj y op cSwUx- c^-Li 6 ^Iji 

jl oj Ul -^il Li olji >-^>> ‘ >>—x* JJJ-* ji 4_£ c. ■«! Y* XjLa oiliwl "\ ( J~<a3 ji 4^ ^y’jj .C~X p~~>- 

- **j~* j <sU - J& - fs? - jj? ^J^jj 

£ X^\y~ <S^S lj b ^lo *L*a CJ!>j>- Ji v_ JLg |»-o- ,_pL~* Ja- ji 4ff XI—ft Lf *-^‘ Olio-!>b Jjj 

‘ij —•* *»-*■-'*' jl j—* 4 _£ { J * ^-— > - » lj |*-o- jl 4^ C—jI ^L-l 4lSo ^1 ,||^MWI L ^»». > - ji ytji ( J^'»1,*’| « — ^ 

Lj 1 _ ^ >' . —- 4^. ., - ., > • iljl o..— j^ ij_>- Jao^ jl L p—>- ji^S" l-b>- L .^XX <c-ib Jays c-^Li 

•|*^jLJ ^ j (w~*iLj 4; lj j I JLo 4«-~< j 

4Ja_?JI (JlSlil 4-la>JI Jli.1 *£ C — .il C-S" j>- ji jm ^^aaiLL* ^Jaj 4l>-^ ^>- —Y 

*—jl *J^-iL c«lb ji a jlj-»-ft .XiL^ o -Ju& ji JS y~ L OjC jy** J y- Jjj* 

. -L~ilj aijfi ^jJLJ i— > y>- I j tXj U'^ i 

‘j-Li Sjj—* l _ r a\—>- <L~SJ>- OXA Sj-ojt .XuLJ ljUwI Ij »_—-L« CjLsXsL* i-SCj .o ltfy u —'T 

Lj Ij IfJl j oj>_«J lj c^-X. v : ~t— *r ‘jj? j jj\^S ^l^j .4^—-I 4 _jUi;I ^1 j> «x^ 

.OjLUx* ^Uwl oL^aX>«^ 

- 1 —J 4>*i c5jjl (*-* “X—‘I ^ -U 4_jLi j 4^_J jlSl; tjlAjjJ ^jjj ^IaJssJ <dajlj ^1 .(jijj J J-rf>l -i 

jl—iJ lj 4 , 1 : « J_?- *—i «Ij y_jakj£ 4X^1^ OL <~r*J j iljl 4*-— j L *S la j m a { jm Ljjl 

.Xfti^ 

_jl-lil l^Iac-p y-~> j oij—i 4_«-iL« <jjj\ - j\£ o^jj ‘Xsl ^ (jlL'l ^LwL- jl ^14 *ji ji j>~ *S 

^glft^ tX-^w . ^I^j J^jj j,\ C~iy .XjL-^ bjijA 4j 4_jLi 4w.k< OjOj \j ^I^J 

.^jloa £ 4io-!>l. ^Li I j ^l$lk^>l jl jj / 

— L. j*Il»- 4 j jJ> tjZ'JJ ‘Xilj oj-i J45W jl»j ^>- yj ^jjLwL- ^L- 4 j £*&y- 4ft^1 

j' ‘XlS - j-XJ 4; clj? (*-~^- (^I4 jjI j cSy>~ 4 S’ 

4-; _^—1 *-^-j ji j-> J—4Lft4_ojij J oLj>^j l > .. j 3.».; C>>*.ftl XL jj^ lJ .Lftv_-J^flj j oLjy —0 

J x>L^»^ jjl °i jfi <-^ji lj xiL j~>-lj ji ti’lSUa^sl jl ji^S” Jaiij*# j <-^jj!j 4L» i_£j Ojj^ 

■ X . : ..~ft Owwftl (^Ijb ,yiilj JJL-« Js- Xjl^i y t5L»(^jL/ jIoXl 






iSKSUO j<$ l^jLo |oL^J>I V. 



y-Y • *1 JSLi 


^j-^r 4 —\ j* <Ls>-\j£j l^jjL aJL* jLf^ - *\ — Y\ • 

j «J—*lj3 £—ij* -i *j (^l-<dl <> OXi tj'j 9 ? W 

r _i <l_; .» (_ 5 j_Ju aJLL>* <u jl ^-.>.,«» 

(^JJ j-J Ajtl>" J U&aJL^ k—.1 .,<9 Ap y±>iA £\ .XlfiXj 3 ^ 

jlj La JjlJp- iJlli; '—*jl» Aj jlX~i jd*" 4 ' '■^i 

(Aj—S" J— &\y>- f^j-SyAj? jjij—iJ jl A^ Ij iS'ISs la .jjl 

•X^ j^;* 4 



y-Y) • <li— J£X 


jl ,j j j _*p <SjZjG\ £j* *j ^I ju J “\-Y ^ ^ 
jl jL; j j/VL-j [S &—* {j-*? •■*—'^ * * kg l f-ytsy* 
S .—dp .C—-I £_ilj G t jJ jl fj->- j-S> j V • kg 

a_^ jJ iC—d ^yol i^j j? (J - *' 5 ' 4 *i jAS Jiii & j^l***!j 
(wUi «X^NL. i lJ -2i I i^jjd J-^’ j< C J 1 - 34 ' 

A-J i-jli-d jJ*}/Lj *- 4 —; j^l .X*^ jd Ij 

j—r*j jl J jlj t£jjd J >d iXpIj A&jjkj ojd ota 'i/U >_sjl» 
tiJ^r- 4 lJ —.r*- 9 a_. j 4_jdl_ ^IS - A v-dp t5^^/T ^ 
.JL* Ij B J, ^ J*jJI ^Se. 
B = WL"\ kN ^>\yr 


^loj3*i 

m {j-fr <-> £~>-\j&> eSjjdVY*V 

J t3_>X-w» '- r 4 -lr‘ i j^' ^j'j 

tSj>d> Ij JjX^* ft jjjli* ijX» k-Lil; /i* ^1^ ^1 t5j^- 
L <J J> > " cr^j 3 ^ dJ **j i3 jXn<> aS - XiS^ jj^*j 

.Jjji) -l*lj>- jda-^ c5jj ‘■ i _p L 





f-r*Y4li^ JSLi 

a la a j ji / J j_l» j /n„ ^j-^ - 4 —; (j^ 4 jl—; <JL» "V - Y * A 
r ^l* i j wi ^j-—?■ *—< (Jj—jjj jjJo* i_Sj~j j aJ aj ij** 

oJLi ^olj tS^I 4 ji A aS^ (^IaJosJ ji .c—I »xi 

(jij-il jj-*—> *S _jS"j^ kCwiI c5jl>* 4 ^ j 

jlj-i. A_ja>J j—'I ^lj—; .J—iL^* U <JLs-j—m Ijli tJidp^< 

•dr^ j^* 4 0 J_>>- b (*—»- J^ - li'* 4 j'j 


l 



y-Y’K <11*- JSdi 

A—, aJLj o m 3 J^ jj^L^ VY‘<\ 

jl ; i^UI ijl «x jj*VIj j «ijS" Ij ^1* • kg/m 3 

.Jjl— j 3 ^ls* ^ deg/s iXjU ^IajjIj jlj~* I; A ^*5/jJ Jj>- Ij 

jlj-J .c-m-I G a1sjl> ji jL l£jUI j\j j? 

.jliS" jL <Jl>j O-U 


^ i jP^ 







&&& cS' 0 ^ 













fs* $J> J • kg *, VYYN 

v.k L .— ^ *1 lSj>** ^j!JLj11m»I c£^J^ C ji 

(c-flJl) ,kl.—«■*! */A* J_jleil—>* J L-A^jIj Jy L <TK1o^,1 

j* 5 J k-J^? »-S0 jl_^ <j ij Ol j J=r\j^ 

l '- A C>T cr-Ari* j* <j\r* 

i-jI —>■ iJjLj^ c—~ o ji ^_» ^5” Ij J—yl fl <_jI— j$\o>- 

h ^yoy-^ J *—-.y l i\r? j-* y. j j'-> ^ (*->).J y£ 

j Y”Y kg — 9- (_$IjIj i -i p ^rT jl >_&> j * —l~S <—1»« 
»c**«il T \ * mm oj ^lui j IT * mm ^23 
fl = 1AY m/s 2 J M - UT\ N.m v l^r 



l l ! s 

!-«-■ 1200 mm -*■)»■-1200 nun -*-j 

*-rn < 11 —jsli 


1/ iv< jL-1 J^b m fj*r ‘ij ^ oJaS VYYY 

/I C$->J ^ lj, j' •& i/Lj.J 

S’jjl C -I (t)e jAjJ lCw) jlj C-P4^ 'Jfiyt <*JaS 

Ij jl l> r U*jl>- i_^>- (^jSj* C— J -*Jjl 



*-rrr <n—j£,& 


^jVIj aLw« (jo y j^Uj jlj C—t- j~* ijjUjjU ^ysli jjSl—* jjj- |*j!5 

.-kiS" <w<L>t< 4 j jl i j~j «Ju«>|j > >L Ij 

g>y = Y/o» rad/s ^1^ 



*-m <ii —jsli 


f-Hr <_S A V ,J^/\ isJS&j-i s, y VYY. 

ji-j cSL» <^1^-—1 U c_pI j ^aiL jl niA 

<_j Vb c-pL me ^j*r <> • i y,^f‘ (*£*»* tjj ( -^r-“ 

t»J—i «ab c~—-J <_£ljl *—i .aj— s-jI iy VLj ^jjA> 

*—S .x^S (j—J l$jj^ L 1 _ >• I j 6 t n - wig/wi/i 

cT®J - * -^J-- jl-li» JS\S>~ l£*</lj JJ C-P J~» 

—Utf ^1 — - > -l O jy-~0 *—> Ji j—* j iy JL^ 

■X^'S 






mg 

y-YYf <li— 

JiLk.) jj-i j! J_J ^ ► VYTO 

iC—>1 j£Lj« jjt-iS' (_5l<la4j ji S/ja^a 

^SLj j^ajjS’La jjh .1.^ c— ajja -Ua.> jLU .i jy-y ^'Ji 

a_j C~_~J *—>jJ> £ja ji OjIj ^Jai* £«k~» L (_£j>jb 
4_jL ej_!jlj^j jjl t — t S A_j j£J-* jl .> * . <«l jl (_£l$i>l 
.x£ JkJ^ jSsji 



r-YY6<h~~,JSLi, 


»*b jLJD ^/j-LS V. G $j* ► VYH 

j- ——a A-JajLi jJ 1 m/S jS^L* OP(_5ljlj i8j-i 

Af LO- ioJ—i oib il*jl jl «iliol L .JLiL^A i^<Ij 

C—-*Jy <j-jl j 3 j 4>-1 Ol_ r -i# j_j:—*- y>S e la~*y ^ 
fj-’T j-*y J J-^ °j+* *J J*"*" 

ji jj_> ^Lj o»—~J £jA .XljJaiA ^ ^ L<L<I JJj 

fj-*r -*_ tj*j* - 1 ——"I ^3\j G\ oJ_i oib jLLj c.. « i y> 

A—ty5j—k jl , J 11 I mJ > ji^ji b J ^Mb ^L& O♦ . . . ^ 

G ji 4-Jj |*_J 0 « - -' ji jJ—; f y (^Lopl -b «*y aS ^ftJj? 


I JjJ, J m (j-sr -U ^1 ► VYYr 

L^_jji 1_SL-J Jljl_« J o J—*1 M_jJ 0 jl 0 Jj J jS* J*\ jy** J y 

<j_j£—-> oJb- jl *L* _^l -XS y (jl—*|*Jl> OuLa> ji i j* 

cS'j-> 0 = ^ • ° ^^Jaj Lf — is! 0*«i>j j j 

j_. oL. ji M Ly -U^ jjlolS’ j V (5^ » T J~zS 

A—X jl .J._i>J 0 .J_i 8ib C. y dj-A, 8 ^ ___ 

.JjS" JaiSJ~0 U^b^l 



t-YYr< 11 —JSLi 


{j-r <A y.jb olkll S± ilji tflfJl ► VYYi 

NLj I_j A^, P !jjjj, ^_jl ^ JSLi JjUaA P Ja-Ij y 

k_->l_Js» iljl (54 -JjI i-^b—t ^laj 3jyt <li>J Ji .Jo. L . t^ 

.J-ilj^A ^Ij >»i *j V y\y d>l j Mb >—*Cl y)y 

\S~-?;y£ <-iJb- #jlj-Jl Aj£ (_ 5 I»JjJ_>ia jj J_jS" OjIj 

J^jl—A <il>- Ji Jj 7 t jT\ lii £y 

c5L> Ojj—^ Ij <SL>- .^iUr) “P yT ^ oXi 

Jjlix- Joj j 5 Jjjj ft^jb <S1^* 

i_$Lj j jj j.ju& <j Ij r ( j~-a .(OaI J-^a r j-b-i <j jjJj 
<.JL* 






AM J5l— 



*-rrv <n— js-s. 

UAm jp» <_* ^.jL c*M<L. VttA * 

jj j*JL3 *->Ju0 jj jj£—xJL»- jl t( y>l*i>l ^lAi^iie- 

lj A (jl* -~.l C-Py- .iJ^y* Uj iO—I yL» L.LJ 0 a£J\*~ 

A p-w jJL*. C~e-y j X^ j—j j Oss" 0 j' c**^" *i 

.Xtf lx* Ilyl >lx. 0 Ojlj y 



MT A <11— JS-i 



J ^_*t olf^-U fyr jl --*r* ‘^y* a j'j 

.X^ Jkjy> ya >^i c5Ux.J (y>- 

Mf = oA/i N.m ^1 yr 



^-rr^ <jlx— jsla 


yi~^ r »jol5' JjLwjo H 

xJL >- jl m fj->r * > <*li3 *\—YYV * 

A tail ji J AZjiS L*J iC—I yL« j\j, 0 *S" jJ jj£w< 
^LjkjjJ .J^zSy jljja O C-»L* 4—J Jy- oX’lj ^yL* 

X_*J jjXj —t 4_J I j Aa\zS 4j <J jl oijlj y^l— J (JSyf' 

:x^ jsfS 0 jl yyLJ -u F/mg j N/mg 

i£j-£ _j-JU- 4_>Jai yj—*l jl O ji jfi I (»—«3I) 

^Jai «_J L; <-*hi y Lw jl (jljl A—J A-S Ij 0 4_Jjlj iXUJ 
y-Zi^ Jaj ji L j j^y 1* C 1 ^ 1 ) y^- 1 4ii y^y* 

jl ^Ijl 4_< «_£ I j 0 4_*jlj ,«/A ^^Jlx-I L^L^Ja-yl yty> 

yM iijSy Ojyy yyi 

(JI)0=OV\° j k-.)0-lO/\° y\y 


f-m <n—js-i 


,-L.iil^ 3r i j4j >-iJp <; JSj j Uj 0I4 SU JSj 

o jl 0 ——j- y. Ij O <kii jj JSj «Jjlj 

'J— ■ J Oy l^>- ^ OAi £*yjy S Lf* *X^S ^“j^ Ij 

Y-bL^ IjJ>v« yLuJ o jJL<j jl 



*-nr «uo~ jsii 


l*jl —* o~ o_y* jj V kg ^ <L>* VTW * 

4_Jjl jl<-ijlj ^Ijb —-I ,_,£.L_i£ j>JO 4 S 

0 4—ijlj j ft>min jlo jlj op j— JilJb- .oJ G)„ = l rad/s 

Ij 4_L* ij\*—> m jl j Op j—j .-L^ Ij oT L. 

.XiS IJLo iXS^ vOLtft Lf ii\ jnte.* <j 4SL«l&Jk 

Wmin = »/M* rad/S ji 0=Vt/*° ^\y- 

io = >/oa"V rad/s jj 0= < \«° 



lSLjL «JL. jl .JLi JJCo- ^Sy VYY’l * 

4—; 4_> 4S YffJ ^j»- J / Jjb 4j Cj>-I_j^£ 

jj-*** Jj—>- Xbljl .oX »xi J-«ab« tn j — ^k5 

/ = o 4_Ji>J jj (_£—Jjl ^Sl .c—«l «JLi 0 jl »XjjS ( _yi»l 

V rad/s (_^l4_jjlj opj—^ i^ljb <c~—•■>! 0 = ° 4_S 


jl.i>5 bol Jj V\A 4 jLLmmo r :-^ vrr* * 

Js \ - C .. — *jl . Sjj C! - rlj <l1—« — < 4j fl= Yg i_jll*i L 0 4jljl 

<jjlj 0 t jjtL K = vo N.m/rad j / = • A m < m = >/o kg 
•Olf T y*y> I J Y7?l f-^" ‘Os-lji^j l^jjL 4 JO >—il j5*«jl 
»jj i_£_j o4_, Ij m fj—>■ 4j 4 JL* i^l^l i5L>- jS 
j jlj <_L* 4 —iM= KG 0 jl J—Jl 4 j 4 ^ 

•O—>1 J£«i jjjAJ OjX lC—1 |*JIS 4iw4 *S Jj iXS^jA 



J_*j- L yiO Js^^r J*-y <J£*i I VYY'^ * 

-O—<1 oJ — ^ V 0 4JoA> ji 4^JL>- jJ tij J* i*s* 

OjI—j v_^UJ> Ii 0 = 0 = o -tSLuj oJl>- jl JjiJ ST J>\ 
0 jlXL« J iS’ljl>- 1 OS’4j fl = Y m/s 2 ^yiil 

Jjlj ijljj* jl »,jAl j? 4«]jl oLj._^ jIJjL* ..l^ - Iju Ij 0 j 

.alSjlS ^^OjI 4ia^-t>b 
^max = ,/rA< \ rad/S J 0ITBX = Yr/*° V lj>. 



f-rri <jlo* jsla 


jm 4 __j OjJLi Jlibl c^-lJjJ VYrY * 

Jl>- jJ itXi NjJ O C~»Ij 4kjij jJ jl 4 S L Jjt 

»-* **S jlf« ^Uj^J .C jl |vJl5 C~xj_y« 4J jJL*jj j ^Jlij Nb 







JjI— 


L-U tSj ^.\K Jjk J_Ta VYYY * 

jJ ^jjl—ll4 5 4_l ^.,<3.4 Jjl5 Jj ia~4_jj lO~»l 

0 pJl_ 3 c~*j_^4 <j jj j jxi JuL Jl»- 

•JjLoj j-bJ Xjl J £—^1 jS’l—- —•&£ £>-i tjjj 

Jl— s«jI jL$?lj iijJi^ \S*i$y j*JlS C~*J ja *j JSa *S 

^-l 0 4-S - l s-*jy> Uj JjIS" Jj j aa/^ B jj 

jl .C-—'I VY'o m/s JSb A (_5NIj (_5lfjl £-*&• \ • ° 

i j—i\ jl I-J Xjb C ~ s4 >jS jl^jjUj t lX*J 4 j <li>J JjI 

I j XJ . S ’ C-jL^al j—^*j 4 _i jJ—Sa <^>l jl iJO^Ji jja <ii4j 

*X*jI— *&\ \ «4j 4_j A ^I^xjI 0/\ j ■ 4 <_»^ L .xlS* . jL—j>- 



>■ 


*-rrY <ux— jsji 


jl jl jj 4 —5 Ij t jUj iXjL aC-^ 

n j-Ay .jl iS jjjwju iijj&ij* 9 = 



f-rrf <n— j££. 


jj (7 j-^,/* j 1 kg <1*4 *\—YY *0 * 

js .C—«l 0J - 1 V_j] £>j>£a 4jIjI 0 4^34) 4j |»Jls 4 j>uL*0 

Lj 4—jl jl 4_£j j_j*« Jj .Jjlx_j 9 = O Jj jl 4j 

0 4jjlj iXili £Sjs (i — t m/s 2 ^jiul OjU v_jLl! 

4 ^ a jb 0 <^l^ jlxi* js CjfJf) .J^S I j <!*«• 



y-vra < 11 — jix 


ja IjlxI VYro 4 i—t < 1*4 VYr\ * 

I—< jl <j J~ai* j.j j ajla jl ji jJb- ja j |»J 15 
jl 4 —iljl <j ^1 .xJilj^y* ^J> \~t£ jjjo k = "V* • N/m jr**-* 

^ I<j jl j t ^ oala Cl — •/!■£ LL^Ij . j L** j ixJl>- 

( j--. .;;«4 0 ^ 0^1*° j^ljl 4 j 0 jl 4j Ij 4 JL 4 W 


(^-J J 










tStaJtalLft JjLS )Q_b oj \) ntt.. m/> gxpnj iqj q^u abbb\ .Cuul xoj <uu jx Q(mv3)a o5 xljlx x<)£() oho $(uxol )1 (StA\ijT>& xlxaJ 
q oIAUJu LSiSi nu ll ( j» tS )A )1 q x^^-a )1>5 axL&xiuI x)()A k^xjqylSh cjUx)S CxAhu )x a5 c5xjb<)) t>(5uux oi' axxaaj 

.x<)]i> ^>1x3 



4y0 jJLo V — ^ 

C_ 5jP- J_>—ol jl lj *yJ>- J —yjj lXX-A ^Joa yXy j3 *S Jjl—• jl (j\a -Up X^>jJ 4>/1 

J* X~Sy>- j Aijpd aS Xlo-Li £j*2a ,jjj jj *Xjlji jjl» <i XXp- j La ^)* <.X> jJ y a^^Lo 

iS\ y. «j^p ^5^-r- J <_*SwL*^ iajljj <» y&>ry Jj15 JsXpyj ^j— J aj ^yrj ‘- r ~Ua 'j X*j 4— 

iJ ~^y ^LJ-I ‘ j vL^i ‘c#^ c-p^- ^Ujb ^ ^ I j ^ j- 4i)j^ t8 jui oLil -u? 

J v 1 ^ ‘L^„>>j —- ‘La Jjz> jj\ ~ ' t£ j^Oi (_jl4jjlj (_$IaC.->» 5 ' o Xij£ jiji (_^La jb Jj Aj Ij 4ji!j3 

•^Lf* <Jj^ji J-'JJ J 4 ^ cs^'j 4 ijX*A 4— y ji --kljil^y ^l4j_jlj pZAJA 

JjL~* <j y^-b jj ,jijj 45” Jjo 4— jj (_SL»Uji 4 *JQx» _ji ojL»I a>Jla> ji cSy LiL*Lji jl aS yy *Xa j 

°J& iAp^a Ji CSy Sy\Xi 4*JUa4 jl £\ .Zyy £>1 J XJa jLj twl ^Ja; ji CJb- 4-Jb jl OljLp jl ,^jL~j J 

J 413Ij JaL-j XXp? J yfi\ jl *S Sy X*\y ^jV <Jy^~J d~*Pji J OJL* ydi «3 jl Jju 4— ji i-SLkLjO 4*JUa» C~£>- ^jV 

• J - i L^-il Jil—• Ja- Ij 

4—< (^Lw-J 4_«jju jl yXS- 4_J la 43 j jj _>l-l» I j i_J Ua |»L»^-I (_^JL*j 4-- OS"jl 4 jIjI -l-^»« V J ^»« 

J J -^ L y Ojl—iS" (JJaj 4- C-S - ^- Jjl—« Ji m y Jjlai* jl ^jp~ c~f>- 4*0i» ^1 -^a!^ £y*>y 

0_*J J3 j3 V—U? ^l~^-l _J OS’3jj^ j3 4^ Ij jU-A u .J~i JlAl_p- ^^43^^ OUJlko 4 jL 3_p- 

■O^ta ji iS^~A dy Ai yy j yAjji Ai Ij&I y> L>^jl y ^ 3 £ JU 3 

. A 

aaaws MiMn^m^wwv 

jih^i v-r 

A^j-li: jl ^l^ J3 yk .Cwl Jliil Jb- y (^Jjo 4- j3 4^ -LAJ^y jLb I j yLa W-\ J£ji 

(^Ijb 4_S" yjjyfi j3 j XJ^SyA C.—S’ Jp- p- X XA ipjias^ Jjla j3 4ljib yJL&l CSy aS yjJyff J* B j 



1-JLo fL->t 4— ji ^14-0^5-0 - i^lAA J-aS & 9 ' 9 ' 


AB j^oj ^ 


jl { Joa- jA i03l>- Ji jA ji .ij$ 3 ^a\j>- t. 


- J\~£i (j U tJ ^»o J Je> ji *oil JsaJI <sSy>- 
.JLiU JIaIj>- i£j\j* ij>~ C> > O y Aj 0-~ » » * 



Y-l JSLi. 


:-Aoj» J~? M f J> J Jj' j ^iy tS^J^ji 

r A =r B + Ta/b v a = v B a A = a B 

a_JS" 4 a_>0 ji .O—-I j—!ufi jl JO* ,y\jkj j oJjU ^l; O-U Ta/b *£ 

( ^' l O-£ j>- i-SC-jLoJ— - .JOili^/* jl—5 -j iw-ilij j Op j~» i_gljb j*—Alii 

i£j_>j-* j^ j^Arf Jr 4 ** J Qj- 1 J *Ij^a <u Ij 


CajIj J5^0 J^> 

J^_s- a) ^IajjIj opj— l Uai ji *5 ^ij^j ji •■*«- »i'i V-Y J£- ji a£ Ij j*— j>- j'jji Jb- 

0 _-Jb c _-Ij C— -j oJipLS i^jj jl jl jljji Of-^- a_£ 0-1 (ijbj; ‘i$'*j'j OPj- .XS - ^ j'jji n-n C -15 jj>-* 

0 I JO* ob jl_^ jl_^p -u .i jb jl ji j_p»-* ilJi*l ji j>>- ® j'i^; bUf>- *jljji jy>*+ ji>j Oli L -kl,^ 

j\j-i jl Jji jjav L$JJ s*Z A J&> (jlAiai jA --jU^I O-tt OloO *l&-i jl_^p <- jljji JJ>- lijj J- Ij 

:L 0-1 jA** jlSL^ j* .j- t^ljb j a £ c£y tfUjib cr-j 5 iSJJ j; ‘J^ 4 ji >y* A3 * i ~* J A 

|v = fl) x r [ (V-Y) 



Y-r js^ 





OjU o'jS' 3 


jl (j iO » L jljj^^* Ij A 4 Va a > k_jliJj o .. ul w x h — 0 aS” o J<l^ a_>-^j _j ejjS" r ^ji^^jI>- Ij h +b jljj^* aS^ 

:<»uj ji .ijjl o—o V-> aJ^Ijm 


a=fflxr+fflx(ftixr) 


(V-Y) 


j —j O S' j?- jj 3 ^j y^ (_$L*AjiJ^* ojljjl .O.il dJLJj iW" ^ — 6? X r jl iJil*<o r 4 j a£ 

a j v jbj-. jj y*.o—la = e£) aS^ jhJ. 1.^ a, =|(<®xr^ = 6a j a„ = |ox (ewx r)( = Z?£t) 2 j>\j> y aj o^b ^jj 
jj_>^ Jjljji <^l^ Ij a o)-0 j a co = 0 ,. v<y=0 t v<y = 0 iajljj <jl y joib^ ij^c- (OjCOy 

c—^ Culi 

<^ju g> j<$ o5"V— 

A—j <_. La » |» >— > • u5b ji ^yr y J»LSj aJS" V—T .oI^a *£ ^I&a 

O ^ y>- jl ^i JczS y>~ P*^Ju& job c^tf a>uLw> 9 O'ljlj,* 
x , J •V-*’ J.** G j Sj* J 1 ^y^ *i (fry Ij y 

A j, , 1ai |» ... > ■ jl AiaAj y *S ^bul jl y^y «OaU C*Sy- <>cJ^> jljiP Aj 
i-SLj!.♦. ' ... — * A_^ p—i'jS^jA Aa*jl> iJjb ^yjl—Sb O^j?- P 4s*Jua ji A 4jaA; L t 
z SJJ-* J* *—S’ C#* 3 ^* “—j'j* 0 (J-- 1 * J* *£ ji O^^P" 

Y-r JSLi> .ijb^ a-J> jP Ij cSy- jl j^blS" £Hy~^ ‘ iJ ,£ JU^-I £*rj* 



CuU* aIosu J^> V-^ 

j*~ j*J ^jjl j ^jib C«jIj ^l<jjlj Op j—' jb y 0~f>- jljji OjIj aIiaj Jj>- ^ »■>...>• aS” 

.wLUs.^ Ij jljji jl <£jj& {J*A* 


* —« w*>Ujo £ 

J iSJjti ^bpiVI t^jlji* Ojjb jl Jljji cS^j^ji ( v ? Aa 

J A b ®jS" v_ ^ JSLi Jjlk* j\ji Ory >jy jji' ij^y J ** *-: 0^>-« 

.ySy> jl jjJ O AiaAj J y>- I j+t2>y» aS - 0~-l > JL o ^ jl ^lj J^ ^ •^ij^ J . j 





yJLa J (_j|4^sJlLo _ ^j^aS A 




(o) 


0, u-»- 0 y 

( 6 ) 

Y-f JSLi 


‘J^JI 3 .XxS^yu d)lJJJ |»-~ > - alj^A 4 j j Jjle J-i 413 £ _jJaj ji C-jU Lai ji X-y-Z j^Ia jj>*a b*ijl jJ 

jl^i > C~~*.J>j jj > eSj.) Lfcjl 4$ i j> J_P~* J_p- J X J_P~* J_p- V° J\jl» jljj i Jj ^‘1 Jj 

y JS** o'jjJ jfl ^L> a '-r*j ./' j’ ^y r J ^ L* j* t-fi L 4j iijb 

oJLs- ji jS t4_»w ji .JjLjJ' <Ti i X 4]aij 4j X J_P*> J j>- ^ ♦ ° jl jji y\ ji ,XS L f*j y>- 4j j £>^A <ki c 

OjiLS jl L.^ ‘J-iA* j 4^ ^(y* Jli4 ^1 jl j c—-J oL-SO jyj* 

lj ; » ■* j ijJaiua ^lAjljji jJ .JJjUJ ^bwb- C-^U j alj£j C-JtJ lAjb^d J 15 £^ba*Vl <Sj\jr* 

.i/ ^ s-—L* Jiy jljS^ 

£-»>■ «-bLi jl cr - ‘jt? 

J5Li ji uJk. jjl C-*J £>LaVl t^jlji* ^jj 4 j ^jb^ 

1)1Ji jl y Ji\ JiL, jOl j ji 4% C - J oJLi oili jULi V—0 

C—<1 y^>- J y |*-~>- J d0\ ^’y jL~*i 

.XiSjyf’ O *iaj6 jl 4% 

4-j j ij d0 1 X r a jlXl 4j A 4 lad. t jljjJ _pl jJ 

Xr 

jA .Jaj^* A aJaAi <j Ij d&2 x ^UwIa- dO j 1)1 4 jL1L» 

*—! i^-'.r’r Oi’ VsV J a #xi 

Y-6 JSLi :c~-> O^r ^ ^ 

dO — dOy + dO 2 jl jjj J jl_fca ■)•* 1)1 jjJ ji jj j I jl . xr + dO 2 x r = (+ rftfj ) x r 

J <! O'yt/* Ij C>2 = ^2 J ^ = ^1 l5Wj*j L$IaC-A^ 4^ c~-l ^jjl ^1 4^-i 

^j-jl jl oJ—ijj^ jj —s ia J_p- iC—<l C«dlj 4iaij (^Ijb 4^ ^o .... * - 45" j*j j$ 1 ^ Od^^i ® = 0 — d\ +CJ>2:C«i_jj 

.XS - ^ jljji (^l-da^J) J>\ jyt> *j C~»U 4jaij 




Coli 4Jaii Y-j ^iJu 


L>wl ji t5l«j-ij JLi* OljjJ ,_,—II fj+^* (*—^ (_$l ji 

<S XAi^ jl_^J Ij iSjty JSLi ^l^ljOl jjJjj V-*\ JSLi .0£yla* 
j-j '-^-'j *4-* olji jl ^^l Ij d)l OjjJ j oiy, i-iLLi iXo/>L jl jl ,_yr 
j »*j-£ oljji sy* xjI— i ^y->~ jljr* ^ .c*—<1 oJLi 

jljji Jt— a- _p OjU jjli j_p«^ J_p- Oh (^IjIj jl y Ij iy <>y *j j .J OiLi 
*——(j-** j^l .>-i—-I »xi ®ab jLiJ jl jj* jA o»$>- .o~jI 

®L—-«* olji jl L# la>- ,j-*£p y ii_yi ( _r*^ c ’ j I jl <l*>j <-£> ji t jyjj 

.J—<la>J jl Olji C-p j*- ji^ j&Lj oJaLL« 

0-n jljji j_p«^ ^1 C. .*5 j® («xi Op^ jjX olji jl aS" .L?^ ^jjl 

- ^\A*j\y ^Ijb 4 jJaJ (Jap- ^1 ,Jjj jj £>\j <ki y .XS^y y*uL> I 1 j 
.Cw<l Oh jl lh J jl 1>I XlL^ iXUA Of>- 

sL’jS - Oj^a x l^i OS'^ j y It ijlix j (_$Cjjyo <> P (JsU; ^_U 



Ji t£jl-. ^ l>2 J U, Op 




* ‘^jli jl^ j_p»* ^ ol»*i^£» y *£ jjjjt (-SU-jS" (^l^US - JSli 


J-: ^ <^d j> ‘-^jli JJ 0-n ]oa- Jjj J, aS ^l^l y <> Lf-y Olji *J£ y~j y olji oS'^ j^a 

,oo«A J^-y JU- y jljji ^1 £ja J y ijjX> ^UjUS 1 
Xj-br iolS, Sj Csjy* *J jljji jyA *S (*^1 y jji J\y> (^Ia iJ Ss> <£j jy> ji 

J* • J ~^(_y 4 Jf c*- 1 (*—~^r *-> 'X~J> pA J Lai ji pA jyy jy* c~»iy j a jSy JjSlJiJ ^J>\j & j oL«- j~*a 
p~J>r Ji OjU Ja^- (Jj Ojj^» *j jljji jy 4* jl JJ* C-|li -dai Sj Jy iS Lf J^o 



i'gilaS 3 ^W ' ^1*^3^* 

O-A-n <jljj^ ^ jj—>a tV—*\ 4jl^o>l j $ 

Lf ♦ — ’■ ? * <y J ^"l ^IjS—l 'j jy* 

J_^_>■ aJIjoI j xL <«bl jljji ji ^a <SLjjj^» ji .itOU 
\j ^jy* jd jljji ,yl jy tJA-yj (jli jy 

V-V JSLjl ,iyi.y eX^U ^Lif J>jy* *£ XSy ila^l ^li 

.XloXi oib jlij y>\>- Jli® ^jl ^1 j» IaJ ojy* ^1 


Y-Y JSli, 



|oL«j> 1 ^Juy 4 -uJ i-^j-olxa ji ^Ia^oXLo _ ^■~.a.fl' (J-<a9 &V* 



J ?jy>** j* <-?__r-^ JL ./ ^ <X~>I ‘j*-—^ jlj <Xp 

X—-X jlxl—^ jljja cJU- <_$l y t .C~X oXi ^ilj 

Jsj t Xx J j*Jl$ V-A JSx ^UJsj xJLj> ^LXs j 

^.Lii Jsj^. ^ jjiA L _^—^r 


^Idj ^lj i_jLuuj 


.J—iL^y* jl«j Aj C. ; .... '■ (^Ajjlj 


>1 OjU- i<_S-U> a— C-S^P" ja ^ 


-j>- i_£j at 


jl^ ja -la** OC ^J15LjI «a j$ i_s* Ojj^> a *s*Jua ja Jljja aS" ^U- jj^> ^ .a — (o : { Jm 

ajhX ja .C—-I 0^ ojlJjl j to C^>- O j\*y nJ-L *■> a~* CX_>a j XS’ejl-ljl 

^Xu ja j_a jl C-$ .>- j ajlxJl j xl_t_> P ,_y^>x» <o <_$Iaj>jI j X~p j— jta^ 0l5w t5"jj aS" V-A J£xi _>a 

.aa^U* J^> jj\ y (O j~J£ ja a£ a^-i^ (ijla^ a ^IajjIj <--»lxi iX^y 

C-s-j - 11 £I _>■ (jX’p _>a .a ^ y* My. 01 t^Wjb <—>U«J »XUj C~>li ejlXl aS’ ji 

I J (^IajjI j iXS’ ^JX d\jji JS~^ ^jy~ &jS f ^ J* ^ ^ J cfi 1 ^ tiWj'j 

:c --^ ji3 *4 



Y-^ JSX 



Jy Y-j jtsu 


jt y oiti—I *JJ* jljj^ jy** b O C~»U 4 Vi a i J y- ^ »-— > • <1)1 jj* jib jl— C~£?- Ij V—Y 

4_j *)LJ» 4_S C Jj ^Joj\jj jL-* ia —ty yy jl A 4jaaj y a = V <—jI— j V C~e-^ <5" j*oS y 

-*y. Jl*- C, l JjIS i — jy** *■; ^y.j* '—• 


[V-N] 

[V-Y] 


jljji t^l^i ^ C—>1 JS~» C—xilj ,y_\ Jj c^ti <lai J y jljji j O-jU jy* J y- d'jji cJU- OjU: 

yj> J C_-I COC-jy jr-M jl *£> JUtL.^ CD jj i^UiJ y ^Ijb a-CO (JIajjI j —Lj <OjU -dail <X Jj>- 

4 i-aa> J_A 4_^-j?l .J—fi) ojl-lil ji ^jyu *jj£y oOa. 5 ^ISbjl 4 S O —j CO C~$^- y (_gl4^J y (_£l_)b ijl ji tjfe’ 
j-A«o jl < CD C.,$ ,>■ J~iu ^l£jjk y ti y*y j—*~0 C-c -y <^l jb 4ii»J <_£j y n-tl jl jy jy ji ^Sl j 

4 —iiy <_£j <_$ljb Jaii <C-jU jy* •sl-lJ>l y 8 = CO <^l<ijlj v_jlij iC-jU jy* <-& J_p- jljj^ iS^ji D I •'H/'C*'*"’ 

4_J ^Ijb iJLJ jS y* jl 'j-* C^L-5 jljji Jj-^* ji •Ste *i -- 1 — CO ojl-Xjl j~y *£ C—I 

■ .V— l^w L O-G-j— 

ijljji 4_S | » •?& y * —<Xi £ '—*'1^ 4jajil <_$o J_p- jljji cJb- i^ljJ <jil *^* 3 V 

O JJ-.9 jl J_p- jljji 4S - ^141*41 ji C-<U 4 j a J CO 4j ol jLp 4^ 4j )C—I 4j jl j j~*j jl Iy2*x^* 

jlat JJ$ Aj*~j Jj\ fyj 4j jljji 4jai c^ k>■ OS'^ jl Jio# Xl^^ jljji ->jl*b ^ <i^^ 

0 ^glAj^ai j-^lj--' J XiLi^yi 0-Y ji «JLl *-JLyy ^\*s>xi^a CJSy~ y <_Jo jt—>• <-£j jljj^ ^Jj<-> 4~- 

.0—1 sOi oi^j "\ j 


f ---\ 

V = CO X r 

a = ©x r + «x(fflxr) 

V • ' : ••"■■■■' •"-■■'■' J 



»- J L> |oL»j>! ^Juu j (_£ld«ojJL« _ |^JLoA> ^J^aS ^YY 



V —\ Aj^CJ A JLuwwy Q 

4—> ^ J_pwa J _p- jji olj jl J jl5 ^jJl£* i_5j _}i ‘/Am J_j1p 4j CM ^JjjL 
^14—Jjlj C-frj—- 1—> Z J_p»4 J_p- 4 Pj*>i4 J5 j O—>1 ej-i J-*a>U JSw U 
cJ—J ^14— ; _>lj c^e-j-^ L> jjL. -XjS^j* Oljji M=V rev/min OjLJ 

(a) :c—-I i^j jWa* /3 = r«° *S js .syiiy tsy VIj P = i rad/s 

£ i (d) j A 4_kij c-Pj— (c) <. CM til4_.jlj ^LJ. (b) <. CM ^l-ujlj c-p^- 

<^£j>- (_$!jb O 4 hat J ^SyS- OjLi teJji i— i y >y 05jP- . A Aajj 

i-jh-Ji j < - $l4_4jlj C«p- c~£j>- l j-jl LA J_oiXJiL z .sIjiA “At* 

— Yib^ ys*j Ij OA 


(a>*=/5) 


Z J y>- y* J X jy>** Jj->- j»—* OA (_$jjL Oj^- :(a) J>* 

<u z =Ytt/VA‘=Y;t(V )/V = "V/YA rad/s j ov )8 = i ad/s ^U4i)_^ ^Ijb t xS^ 
:L» c~»>l ^I4 j jlj c~e-y jaIj>- 

ry = <y* +fy. = 4i + 6.28k rad/s ^l^>- 

:L c.- - »l j>\j> OA i—jli-i (b) 


a-o)-(o x +6), 

(_$ljb jjjl^jbj itSy J ffl. jlJju! Ul ^®i = 0 4^»wj ji iJCS^yj Oj ilji«l j jljli* 45 Is- jl jl 

:L c—I ^ V-r Jajlj jl *5 ts y t 

co x =(o z x o) x = 6.28k x 4i = 25.lj rad/s 2 

<ar = 25.1 j + 0 = 25.1 j rad/s 2 vJ ^ 

jAy V— \ 4Jaul j jl A iSyX^j* o.ib r= • A^Y’j+ */Lk m AaAj ]g.»y 45" A ^_£jb^j C... z .O y 4j 4^*-L (c) 


i j k 

v=fflxr= 4 0 6.28 = -4.35i-1.60j+2.77k m/s 


:L C—I y\y V-Y 4^1, jl A (d) 


a = (i)xr+fflx( 0 xr) 
= axr +co xv 


i 

j 

k i 

j 

k 

0 

25.1 

0+4 

0 

6.28 

0 

0.693 

0.4 - 4.35 

-1.60 

2.77 


= (10.05i) - ( 10.05i - 38.4j - 6.40k) 





6 YY* Cott <doJii 0^3^ Y-6 


= 20.li - 38.4j - 6.40k m/s 2 Uiy © 

ct j to j—i \£j -51 O !_£_!»>■ oS^>- jA lAiJili ($ j N ol^—*j *u L^j QA oS^>- 

.o-ib jlaIj>»; 

Juix ol5o 

/->//> © r (JlOl lf->l &I/-A-B> <Ujuj j) f i)fAJ (jj/j l^ASS J (j)pA£- LZAfLSl <1 (JjOLt ly X-y~Z (jUbypH <Jjj (JJJJy O © 

i (jjiyjb . i - to z x i - Vr/k x i - ~\/y/j o-ii ;/ ui .co x - £i ,o >9 i,y 
.Mi & V a=( 0 X mSJCVYA) j-Koi/lj rad/s 2 

yu*i7 6 iS9 /^/) K-H £ K—LA ly a ^ V o>ui lZajjj/J ^jJjJ tf'ypuj^jA ylfjMxd 4 mjj(Ju tfl/J. Q 

(_)a (jb)tAJ t^AJJjixA 


Y-T Ai^dOJ a U m*< 



<-SL>-j_S' Op^—- L> 4 jl <_£—.i l_j »I^A jyy> 

IjUjl jl 4^1 j *jj .xSy jljji »Jui jlO y \\> rev/min 

M= 1* rev/min o>L5 op^— 4_p^L*J *—, ..01 jjSL- Jb- y 

(a) t o..— ! <_jj Ua < .iyy ojb r*° yO j15 <ij\j I; Z jvjli jy** J 
J Op^.— (c) j y —>• j ^.Lai ^UJaj^ (b) 4 u5L-jJ op 

.»J-i oab OL— Owij ^ iX-uj y g\j A <daii 


z 



J—dOiA jyy <—>15 4 j k j j 4 i *£j ^Ia j\iy l> x-y-z ^L* jy* :Jp- 

JJ-*** ji X jy J oOi jJa— jyjj jy* y z JJ>** *£ iJjjb ->jleOi 

Z jy^ .0—1 jJa- Oljji <jT Jy- jyy j ijjf y O j\ *5 

jLiL^ K = jcosy+ k siny jl aSL j »sy ^15 
Op y <iiy ji (^Ijb l5L_jJ j jyjj (a) 



Q= ^'CY^A^Y^rrad/s jz jj^> J y c^=\Y*(Y7r)A<=i^rad/s 
OT^ OP^- . Z jy^» J y 

to=o>o+ SI = Wb k + Q K 

= (Oq k + Q (j cosy+ k siny) = (Q cos)Oj + (c^ + Q sin0 )k 
= (2 n cos30°)j + (4 n + 2 Jt sin30°)k = ^( V3 j + 5.0k) rad/s v_jI y 




<— «JL o |sL»^-l Juu d_uj ^Id^ojJLo _ |^>flft> ( J-o9 


:L o* *l V—V aJojIj jl <_£ o ^Idjjlj i ili*i 


a = <y= ft x to 

= ft (j cosy+ k siny)x[(ft cosy)j + (e^ + ft siny)k] 

= ft (f«b cosy+ ft sinycosy)i - (ft 2 sinycosy)i 

= (ft ftJb cosy)i = i(2^)(4^)cos30° = 68.4i rad/s 2 ._.1 y>- 


O'j-’i/' (_J*—=r J St 9 SjlL» JL O) <_§ldj_}lj OPj~< _>Ij y (b) 

:L C ~ xil y)y dia>J jj i 4 dladj O.. 0 jli(c) 

r = 0.125j +0.250k m 

^V—^ aIijIj jl 

j k 


0 Sn 5n 
0 0.125 0.1501 


= —0.19207T i m/s 


:L o . • “I (_£_jL«~• A dla 4 i ._;LO tV— Y aIdIj jl 


a = fi)xr+fi»x(fi»xr)= a xr+oxv 
= 68.4i x (0.125j + 0.250k) + n (V3 j +5k) x (-0.1920/r i) 
= -26.6j+11.83k m/s 2 


JUAa OlSJ 

.cZmuS C0q + ft = (O — (Oy + (0 Z *gjmj »)l) (jlm! uijj tjitha ofjjjftzcji 

■/*)(_J> Cmu/j. O (jl/J thil, ,c/a 1 (yj y ) ? cmuI c^jG \(0 1 </""&& (jjifyuxu (jlyi (pj Y—t" <thj), (J^/xiib <Cw /> )b <t/ 

oz-tf gj-jj L y y!/J X Lls-JU y) U c/£-li cyjy yj (jjjUu, yjJj a t ZajG 0) ,\/2a (j% 


o 

© 

© 



AY A JSI**** Y-6 


jlji oXjS gjjj jl £y~“ jL* j i^j V—V 

L_i jjl_ j j£\ .c. —nl & j_J- C OjU sJiAi JLoul j AB 

jy** Jj»- 0=1** (fi+Yj+lk) rad/s doll j 
»JL« > . ^>- C ol ./?“>%* <>uL>- » JjUj jljji OA dol> 

g'jj? i_5jjL B jIJju 4 Jj-iL A • j T" i T* j^y. 

•JLi£ C 4 liij jl j_^P 4 li>J j 3 I j tJxS 
fl=UAom/s J v* 1 ^- 



Jj_j- > o rad/s ^ L, ^—.a V-l 

(b) c« 4 —>• jj j (a) c^ _»• jj Ijil ^yiil z 

Jj —>■ N — \ • rad/s c~p j~» Ij .xS^ jl jjz 

j ^Loai ^LaJsj cJL?- ^ jljja pJli 



i 


Y-f <ii~. JSLi 


iJjLwwwO 


^'LoJLAa JjLmwO 

4j Aj>- jj L 1J A^>- V— \ 

X jj — >t* J j>- \j .-La a jl^5 J* 

ajlJL jI 4-j Ij JL_j> Jj>- -«*j-a J a^ * ° a jlXl Aj 

(—j Ij y^AxS C~jJj* .-UAJ jljjJ y jj~> J y < \*° 

.XX$ J u jljji <_~J j ji J O^S- ^ Oi' •-^ 

^La jljjj <_£jbj-» £-•■»■ I—; jl j J “-^1 d~»jj ^jLo jl 

V-i J£i Ij Ij idjUa^-*>l* J_jA>v* 

,-UAi (iLkil 


Y-l JSLi 



*» Lj OA OjI—5 jj->^ Jj—^ Ajlji~*l V—Y 

oljji «jl_ i 6ib jL-iJ jj /V = V • rev/min doLi 

■ - ■■*jj J P 4 laii C~e-j-~» y j X ,_5lA4_iJ_y» j?l .XsS 

jj—ua^A j I j j I z c-Pj— 4^1 _><. t ju_iL, -Y m/s j 1 m/s 


P >_jLiJj jl aL* ,Jd5 T ^jj-ou Ij oljji jy > ^* b P 4JLtfli 

•Xjjl d-J( jji Ij 



Y-t* 4lly*0 JSLil 





i—JLo |oL—>1 uu <4—> uSL-oUj^ y (^Id^ajJLa _ ( _j-&9 


c.*^ Li OA ^JJ-. jj^i fl jyJJJ V-V 

i jLj^a ,jl >-P = T ,a <ojlj co»j A/\ = Y* • rev/min 
/I .-L-iS^y jl jjj AAr C-£j—< L< (*jL_» jy** Jy>- **.y^y* 
\j N i t-uiL i • rad/s jIjUL* ^IjIj jyjj j~* 



Y-Y <L»i JSLi 



Y-Adi—JSLi, 

•-Li (3La3l x-y-z tS^jy** j ol».Lrf» <p j-^>*a V—A 

C-jI -J (^L-Jjlj C-C-y--- I-; Z |*Jl-» Jy->- <-> 

><—i (jilisu oImL ,x£ jl jji £2 = */"\ rad/s 

^L_i yy a), = Y rad/s c^li jly L y jy~> Jy- 
jJ I j P A t aii (_jL_JS j jj—j-ju lj A o«i-i» AT l^l^jlj 


jl j U tiLj ji **■•! - j jyjj Y-0 

jljji £2 (_£L_ijlj C—tf-j—< l< z jy** tiy~ -Ll y^y -Lla-Li 

^li—jjlj C-Pj—' lSLjL jyjj s-LiL c-jli 0 j Q = ° ^1 .xS^ 
A dad v A c~c-y .xi x»\y- 0 0 = -Lj-rk rad/s 

xjL_. dad yt v B .xiL^y r = */oi+VYj+V^k m 

?(i..«l l^L-j J ij fl 

v A = -«/Ai-Voj+Yk m/s ^1 y>- 



Y—6 <JLL—d JLi 


«_. ^ J£_i U 0-0 Jy>. dL. V-’V 

J>Lk« .C - —-*l a-Li (o-Li (Z-jLi \_£j 

Q .J— i_y dljji (O' (i-jli lojlj c-p^ L c-ili ij£i 

C-c-j—- <.$ly ^IaOjLp iJjL ~B — p OjU jly-* la 

<L-« 0 (^l^ijlj >-J'Li J ® jl j 



Y-f" dt-* JSLi 





&vv jsi— y -a 


V-\ . aJj _. ji a* V-Y <JLi__ jyjA J\ V-^ \ 

<—> OjI— s—’L i—JL L j joJI—>- jl a-JIj Y ji iJ— 
o—l ^^Lki ‘Jo^j Y’* • • rev/min 

a- jj-Sy O-L-i jl ,j— vli “ 'j J jyjj J* 

jiN = r> rev/min o<U o*j_- ^ Ob^»- j- 

. -Li Li jl Jjb Jb- 

a = d*n|-^=i + kj rad/s 2 


li'A—jlj c#j— L< 'ji.jj-j** Jj->- A » j->y V-\ Y 
jljji o) b Oj—>■ jj < j G)„ o^->- ji IjloI Y • rad/s 

(,$1*—jjI j C^s-y* L j*jli j_j>— J y>- <£-y±s*A i jt»y*jk .XS^yA 

JJ" <y o*^- jlai. .xS^ jlj^i oh = \ • rad/s 

J j >J Oi ^1-fli J »■ (jUJpjjS^ j tij Ij tj »J» 

.S~Z (V-J 0 JI 4 - j4 y> 



JSOi 


.x^ lx, <o-l/3 = V° a* ^lAii>J 
ar = —\/Yi rad/s 2 ^l^ 

a/>= */a<u j - Ykm/s 2 



Y-«l <JLi—JSOl 


°ji.3 JjLa*** 

jl—O I_ >XjI j4 bx^* V—Y aJ y*j a!;....a jyyt V— \ * 

j' j -—* Lj X Jy>tA Jj >■ »Xt j y yt j£\ .0—1 0-Li o4b 

(/Y = o) Z jj_>»a J^ jjx y = Ytt rad/s o,ti 

lj 1 —SO—— 4 j jjpjj o ,U— Xlu jlj_j4 

j->\y jyjy 0,1— OP j-— .JL—X? ,j—*j y = Y "* 0 00 ^a jl 

lj A aJxL v_jb_x j ^jXiy-jk .xil,^ > Y • rev/min 

(AOij? jlj-4 c£—,4 A_J (_5 jj j-J O—3ja ^1 j4 AS' 

• XjjI O-X 



Y-| . <JO- JSLi, 




v-JLo |ol^j>-l Aju <Oj uSL^objii ^IcLojJLe _ |vLoA . L«a9 ^YA 



Y-»a <JLO* JSLi, 


0_!o ^Ijb iJSs—i jj aejb jL_0 oL-jj V— 

4_jIj <il>- 4 j ■X-j’-Z y*>-y ^iljt O-jJ 

J-sflio t-OS^ jljjJ Z jj>*a Jy (0\ ^Ujjlj OPj~. L S 
Opj .1 I i -V jj >xa J j >■ 0\0t .JjlaJ. .ii 

<Jy Of A JjzS (Jjjlj -OSy W, = 9 
jl *S i j__«p jy* dy j ajj£ jljji ftV Op j—< L Ox-Ox 
sl«P y* L» iO—»l JC jj—s^a jlj* aJa»J ^jjl ji _j Ciif Ok 
I—< Ox -A jj — >*a J y l*i^i a y^i la .J S y jl jj* (Qi = /? 
j J— jiA-i* -iSy jl JJ* (On Op y 

jlU-jLa nJLi a.ib Ql ^yJCJa Q .«>yt (_$!ji ,JChi\jy O-jIj 

J0 = £0° j 0 = V 0 jJ lj L_*l5j ^yS 0) ^lojlj Opj—» 
(Or = (Qi = wu = o j0 = Vo rad/s «fit)\ = Y rad/s o^L>- 

I j 0\0f (_JjjL.; i^l^Jjlj ’l*-* 1 4-U-ila 

.-LiS” oLj jli i_£j \lJjyf 4-> 


l$_Jl ^ l»aa (^IpeJjj^_f>- ^ySy» V—^V 

J_iL OjIj C a Jji^y S aOi ^>-1 jll>- laJ-i a^b jLlj 

i4_JIj jA OB OiLi L al yA 0 jJ oXij\X$£j 4jL .Jo- yj j 

4aO-l y^-La j> z (JLi j y*A Jy J^LS" jj> l 

.SSjfy D ^jJojyA a Jj,}£y jljjJ ^pL. j J-ji-yy 

J aijS p_—j C^Sy ^s,\y lj yy j ^.Lii ^UJ Ojyu* 

_j \ {./A"\° ^Ijl 4—i lj aJja^^>- 0) (£\<j jlj Op y jlJio 

4_iJ _• ^ n I .| 

.XjS IXj 0 -n yjy* J y- lj D aJui^y tSl^djIj 

(«=YVl rad/s j (o n = TVA rad/s ^1 y 



Y-tr <U—JSLi 


V-\r Ah _a jl .0-1 O-JO £,& jl ailiol L V-U 

.JJS yj£ lj D Jejy* »X>i£y (X t^l^jlj jb^a 


L_^jJ J^-J. JjUx. i^L^ajl So ji V-^0 

J j-?- (Op = Y rad/s ^la—j jl j o p j—^ Ij oi^j 
jljj- 5 ^‘° y 

jljji Q = */a rad/s o*»l—J cSyy I—» "2. (*jLj J j- 1 ” 

Oii" 'j Jr* 5 a Lsl^ijlj j ® cSl^ij'j 'Z-*.y -OSy 

aOi a^b ijlJb X-y-Z (_ 5 lAj y-> O^.J- lw jj lj ^dbi .-LlS^ 

y j j>wa t^jlj^ j j>wa jLi 

at = — /ii+Y/^k rad/s *_,! y 

a= */Aj rad/s 2 








i—JLo f>L>l d —j i_5x—«LuO y (_£ld*oJuLo — ( J—a3 ^A* 


u = YViA m/s j a = • i m/s 2 ^yr 



Y-tT <JO~. JSLi, 


jljli V-0 dll—. jj-Jjj (jl<—ij'j <xt- y J\ V-Yl 
tj jyjj AT (_$l4_jjlj v— jIi— c-Lili G> 0 = — ij-Y'k OjU jIJjL* 

j 6 = tan" 1 ^j (uj) j 0 = T rad/s j £2 = ° (v-iJI) ^ 
A d_kL v_jLi j!j It .x£ jyj i(oAi ji jtk) Q = Y rad/s 
O—*«i y> jb j —» jl jIj A * —S' u — -3j ioJL>- y j-a y I j 
Ijo ^_ A «xi «j!j jlo <db>J ji r =*/oi+VYj+v^k m 


jl d-J J—fll^ JSL-1 U k-lMj J ,_5J y+A OiLi V-YO 

. o ils'^ jljjj Q — 1 rad/s *oA > b z jy-^* J y~ 

O ;l 1 jljj—• L) iy>- OA jyptA (J j-p- B Oil—i . j 1 -ayjk 

mi rad/s o-L; o\y~* L, y j y (o. = r rad/s 

U (_$ld_>jl j jljjL« J 0 ) (^Idjjlj OP y .JjblS 

X-y-Z .JLlS j~*J Y= r*° O yiy Jj I jB OiLi 

•AlS^ jljji 01 b j **y U <j 

o = -*/VAoi - Y/*\»j + Y/ok rad/s 
a= \\/il rad/s 2 


J f jJlSb s* OA ^y Jjb ^1 > V-Y\ 

ot-j_— L Z |*Jb jy** dy jjb ^ XS^^* *—jb*jl 

aJ^Ij j-J» 0 ijl— «y* .xS jl jy Q = 0 = n rad/s o;li 
j jb alj ft = 7T/1 *5 ^b- Jd .XS^ Ob -y 0 = ft siniQ/ 
«jlxi (3= ° j\ *£ o-l ^bj t 4bli i_— j- ^ t 
dJaaJ jJ I j OA I flr (^Id-ijl j k-ib—i J G> y 

\ \ 

(_$l —.xxS a — *j 11 = — s (i_j) jt=— s (i—o-JO 
a Y 

jl jjj Q ^Id—jjlj opj—- L; X-K jj ^r-_y £_>• ^ 

(t_«]l) o= ?rj — j + k I j a — —~— i yj\yr 

, x . A ^ r . 

(v->) o = 7T k j ar =-J 

r 

z 


V 
Y 

Y-n -dl—JSbi 

OA «x^S jl—->jj j jljjd Jji-iS - (jjjL ^Ijj V-YY 
Jajl_/>- ji lj A ^If^l a k—ilxi j v op dli —» 

js=\" mm ( b = U» mm dJL»U .jl^ jy, t = - s 
jl jj <S .j^v-YI *1:—. jjlk. 0 = ft sinlQr 

.xib^ ft = jQ = ^rad/s 

.aj-: OP = Yl m J> <, ^Ijb Jjiiv-Yr 

O^—>- Y rev/min OjLi cAyy I—; ^^Ljl > jy** d y j 

olji—• L-; J —yy J^ a i jbj^.aiS' ( _ f « jljji «-Ll odb jLLi 
v-jb-l j opj—- jjjIL. .xi^ j-jL $ = >/\ • rad/s o;li 
(3 =T'° Xyjy jl dS' ij\dop^ Jj IJ JSb P (^Ifjl 








t_JLs> |»LyJ>l d— » <-£~obj«S ji ,J*o5 A AT 


js c£)>y-9 


.3 d-S^>" l 5U dj iC -I d~- CjZJp- J_$ljb d^ J«—>■ <-^i ^jSwldwl 

(_$La^1_>u y .Jbl— J{ y yLai cSy dj jj)£l jvA _J JjloJ-i »iji j\£j tj^OxA-tP c£y JJbwt 3jy y Jy\ Jj\ 

.3Jj j*jaI y jbo IJ jl jj3 Jb- y J Jliil Jb- j3 £PTj* ^{hjjPxA 4^1 

Jlfiiil JU- j^Xjo 

to cp^- <j \_>b *5 -Ui,/ jbb b { y^> j*—>- V—^ • JSLi 

yUcj\ x-y-z JLj&I JL>- y £-pt y »l£o-:> Id-* jl_^ <, lj B <k£ .0—1 

i_jb—i j Q«Pj— x» Ja_<l_}j Ja—_jj j*—» >- jl A diadj 8 >— jli— _} V d-P y ,_y* 

.XjI^ d—J j ( _ #r -J 

VA = V B + Va/B [0-t] 

a A = a B + a^, [6-V] 

4 _—_-j>-I c£y 3jy y 6-1 j 6-L y d£ 

Jajljj jl <-& jA <> d£ d— ^ ^1^ Oi' •■*-* £..A* 

.C—I <J:>U> dj Js^jd jb^ d— 

AB * JLp li d_£ (v-ijb d>-jj <cSJ ^1 dj V—^ ♦ JSLi jl iLai y yl^> ysr d-£ y <> Jajljj ,jil JL*I <> 
jljji B d Uai Jj_>- ^ .. „> ■ dS J—jjy* dj jlj5 -X"j"Z •l^oo ji *S Jji jl i*>xS> ji ,_jilj d-jL 

JLiil O jy^p d_j Ol I J ^ OS ’y cSyB £y dj Sj y A dki j oj/ 

,CJ^iai jJ B dJai J_p- (*—>■ <1)1 jji dj O-jI B lj-* C-S "y jL-* *S 

J_J l ji—py j3 dS’ j OP y dj Jajjy* 0>l jLp L j oijj B diai J_p- jljji ^1 y~> d-S - ^ dj^>U>- 

j d-pj— d-iMiU* jjl^b; .JOiL^ (jl—5^ t dJjl^i d->« 3jy d^U dkL (X. J_p- ^—>- jljj^ *jy j* 

yj °jj^ V ‘j'yt/* 'j cjr-d 



v A *y B +a>xr m 

a A =a s +®xr^ +e)x{#xr^) 


(v-O 


.JOilj^y* y~Pr (^IdJasJ (^Idjjlj j (ildjjlj d-P y yj j <, tO j (0 4$ 

++y jl (^Idki B diaii (^1 j» JaP jJ .d~-l (^jl-^-l gry O'<> B dki 4 -jIs^jI jl 

33£ ^jl_^ol y diai jl y£- dj A dlaZ £\ .dil CSy jl { y>*>, Ij J f Uj j* y£y *£ 3yy «_jl>dil 

.Xiyiy jjj d jy0 dj ^—j \Z£y d*^/ilfc» 




js xs> v-t 


Vjg = v A +a> x Tb/a 
a R = a A + 6>x Tb/a+cd x (eo x Tb/a) 

.jcjl-a ^L-iC (_$IajI^ (_$!_,b <y a»«jj j* j (D ajji aJ®jIj ja ji *5 c~J ^-alj .C—-I Tb/a — — r A/« ol j* *£ 

C _£ y- ijj_• ji lj ^XXy 0*ibl*A A^^l&A .JLilj^y* <Uaij i—aIaOj! jl J.a l— * a- ,jJJaA cSlAjjlj <XSy- l^j 

A J>* grj* ^ utj^r^ ^ M 1 * (*—^ f>=r j*> ^ ‘(^c # 4 cr-J^ 

■ ~j*yi ,^~l j JL—il; ^j' .,/a‘i _ Ha i_£j ji t_-Lj» iajlj aLa (_$l^lil ji l yj V—^ • j£-i ji B j A Jalij j^l 

ia_)ljj A_S* C. j! (_£jj_^ a i(V—T <o jaj aJU—a ^iL) -LlS^ — A—c$'-* L )‘' lg< ,a , — J JJ -* 9 Aj 

.ijljLj Jo —jlj aLa 1 jZIL^P Jj Jlj Ajj^Ai-A AB J_pv« J y- iajlj aLa jlJjj a£ C—jt £-alj .JjjX AISj^ jI£j { y 2 >%X~A 
A_^ **■■-*' (Sjj _>;b; .JL^^y* jL; Ij aLa nJl..Ail iyS* Ja;lj aLa jj jb^j A^ t^Ajjlj LLPj-a 4A>Xj ji 

.JLil; (O n • Ta/b = 0 aS" xs^^yi 4 _jL>«jI J X ^A/fl -J 

A ‘C .jjUi ■* . -.! ja jl iji ■ * ■ -I 5yvS' AB jj *S iajlj aJLa Q n (_£lAjjlj <—>L»i AjiJjA iaJLs iAjLJa J^ 9 Aj 

.JLil; tt n • Ta/B ~ 0 AiajI j 



5 L ^ jl-A?lj - 


Cr^y* lS* A J5 ;:lw, 

jl a£ xS^ Lai jj p —*>- i^j ix£j>- (_ gXjJj^ji 

i — iL.... ^ >jS .ij_-i oaliiJ tXjb Oljji tjlijl «j*>L- aS^ ,j[ajj>^a 

L> (^Tj^ tAI*^ jly ijy \-\ \ J5li ji aS - V-^ • JSLi 

C-Pj-« l; eJLi B aJoaJ A; ^J -3 XJLjk jl I»La aS^ OLL 

CO j—lk» (^IajjI j C-Pj-< l> C—1 (j^» aS - .XS ^ jljji ii jJJa* i^Iaj jl j 

.JLil; OjlilA 

ji fl-V Jx*j ji aS' 0—^ L j 0-^f 4 0-W (0—^ ^ oYiU* JL- 

ijj—A LljI ji t-Li t^l* jy^ ^ v—-1 -a » p—•»■ (_jlA>»i-<5 <z*Sj>- 

1$X*J A_oJL- Aj (_^-L_*j ji cJL- jl Jajljj (jjl A*-Jjj jl^j oilixl 

(jljj^ Aj l^jl ^1 ^>LLjI aS- J _^i(_yA ^l»ul Aj Lfc Z AaJja J jlj l; 

:j»jjb tO*ifjl*A ^jjl <y (_jl>u Jt-_y-z jljj ^\ji 12 l$Iaj jl j Oa OjIj 


i = nxi 


j = ftxj 


k = ftxk 


(V-0) 


j Aj j->jA OljL-P .JUL—il;^ jLj Aj C~~J X-y-Z (^Ia j y^A Aj J-jai* jlji aSL (_jIa jbOU lIa A^ 

; X yA i y (jc^T ^ a la a i 4_jLi 


/y J uX-iIjij >-jtSiJJy, jjJjl AXiy .aiSJ j~Xj yzy- } yv> Jy Xlj aL» islAjjlj 


aS* J©Aj Ca—> 1 flf ;| — & n aS ^1^ JjLii c)y<S* 


.AjjLrt 1^ rv John Wiley & Sons ol^Unl 31 ^ nv6 JU * SI L 





v -J L o |»Lyb>l Jju <Luj i_SXaljjii jj ,_£l4*ojJLo _ | J*<a9 


Va = v b + 12xi\, /s + v_| 


*a =»« + &xr A/a + 12x(l2xr 4/fl )+212x Vrel + «*= 


(V--V) 




4 4_k£ ^fc-i j <^r- V a i*i = *i+yj+zk j v re i =ii + jj + zk jl ji a* 

•X^^ ojlXl t Aiijly JT-y -2 aS" tiX_i jl jt-y-z ol£xo 
® (_$Ia_j jlj 1 j C—«il j dy ol. Ai> t< (_^Ia jy>+* (^Iaj jlj X~p> 12 aS^ jli <»ry bx>* 

i_#— 1 J* bl .Xb^ ^yiL C-jIj t>_- L s ^ ^.—>- ^SL> ijy ji Tao jlpj #jlXl aS" jb <>ry y±s*L*J* .Xib Ojliu 

yr-y> x-y-z —-*‘•5 aj c.. —-' jli^j ^1 iJ-iL OjUia to (_^Iaj jlj L U jj>+* 12 (_^Iaj jlj c-paS^ 

l O—»i b |»_jAI^- i XJ—-t ...j 3 ~ J n ■■■ > • Aj >_■ ! . /» O jy 0 Aj X~y~Z ^^ Aia^^b* IjLxj ,i £ JLaI y>- 

.Xi X*aI yi- V—1 aJ^Ika XjL-* OJJ~<9 jjjl ji AS" X y*y jA~a ji J& & re | J V re | j 12 — 0} 
ot£:—* jO Aj C..-..- I V | jXJL « J X -Y OnjIj ji V jby yZ,L* l j«j ( 0 —aJ^Ioa) aJuIj 0 —V ^jJLs^w ji 

:C—I aIsjIj ^1 ijjjj A^J oJb- ji .Xi £ X ~y 




\T\ 1 

- 

- =- 

~ +12x V 

{* 

f )xrz l c 

{t )xyz 


(V-V) 


Ipjb iiyi JLpI V—^ \ ( j£«i yA. y i y~>- I\v?J = I*a — I"c ( _ yr -J C. ; « Aja jlijJ Aj jJjXJ ^1 a£L*1&J» 

(^L-(S-L*(^L*”"- 

L 

VA = V B +V re ,+ 12 XTa/B 

.x^ c—x Ij v--\ aJ^Uj. ^jl AS' 

ji Ojj* A_S" Xj—i (jl . JJ . ' I i j^SyCA ^ ... » - Aj j* JJ 9 ** XX « A Xaa yA>- Aj V—^ oMil*-* 

.xil^y (jU;l o5" 

jjj (_5jb^j ^^Up t-Jli ji jl^j^ lj V-V aJ^U-* 

W--M, +axI 1 

.X-tL jLjj Jjli x-y-z j X-Y-Z js y> y a£ C~-l V xJl» ^jb y j* ^Lj [ ] C-*!Ap *S 

:c—<1 jx>- *S C—x jl«j aj 1j pi Jil* JUpI aj Ij j_^I^j1 

1+nx(nx[ D+2flx (^ J l (v - vb> 

A_li>-^b V—Vb A-bU-. jl *£ XlS” o^y .Syii^y jlj^lj _^>«Xjb Aj ^yy*j lJl_^P Aj aJojIj ^jjl jijjl C—jX (jijj 

•Xi OLj 8ab = 8a — a /J {£\y C—jI V-*V AjiU-* jUjk *£ a £ 




&A& JS S-? JSu 


V—T AImmJO 

Op j —* Lj jj -9 '* Jj-p* CB nJL. .t cjlj jLU o,«i 

# * >-£-oJ .-uS"^ oljji tC—I c-jU Ot*j jl t5 , °'^ aS" co, = 1 rad/s ^l-Ojlj 

4_» lj ZM c^jJ 4 —S’ ( jJLiljil j3 jj «w>-0 -l-IS" J~ajL* jj (_gljb AB 

I g j DA ft)* (_£t*_jjlj C-Pj—< toJ-i ojIj 0l~~» jj .jjLv^o CB 

jiH^ 1 .J^S I j AB «-£J «„ ^jij op j- 


j.* jl .itfc—l Lo IJLil lj V—£ -ubU. ^ 4l *_0 C-pj— 4U_k,lj :J>- 

:l i 1 B *i J^ 4 

_ b _ y A = y B +(o n xr Am 

:jl xjjL& B j A ^Iac-p j—< .o*»l oOi *isj^ AB jj jj^p AB i_SoJ c-pj—< o n dd jj aS" 

= ra )] v* = 50 fife j v a = 100(6) i = 600 i mm/s 

i^jb Op j- ^Ij ji Oab jlji L .c-l rA®= 6 *i+) * »j+\ ♦ *k mm 
i j k 

50fij 2 j = 600i + (0„ x 0) n , a) n 
50 100 100 

:C~ib <iajlj ,jj Jt> k j J 4 i <_-jI jJ> 0^b jlji (_$jl—4 j jlojo ]a > L 

-6= +(!)„ -fife, 


Cw-b ft> 2 Jajljj jjil Jf L 

a) 2 = 6 rad/s v->l>r 

OJj-< Jj-*p J?j—i ^jloj lj U 44O—I V^e 3y*S- (0„ *S Xjk3^y -diluo <L~/ 4&] 3y>rj L 

: 4>dU^ ^Ji ***Lp" J 9 " 4J^J jjlilo 
On • >V B = 0] 50ai^ + 100fij,^ + 100fi)„ = 0 

4>*~j 4-bjl J *-*• jl *b}j Ji l; 4^jj L) 

a> n =-— rad/s o). --— rad/s <u„ =— rad/s 

3 3 "' 3 


o„ =|(-2i-4j +5k) rad/s 






i_JLa jal—>l (_£Xu Xo ^I Xs jJL o _ j^LflA ^ 


<a, =—V 2 2 + 4 2 +5 2 = 2 V 5 rad/s 
3 


JuAo Ol5o 

(^jx su CB iJIjJ 0), isltoyl) izj&fiu Uuf'<u (j&l/j I/jJ .|«» i^jtiuSI {u±jji (yl? ie- <u l y B <thej 0 

(59/ H. lS/JU g-i* 0^)9-^ (J^- 4 AB (Juiifli Ifl} •)9^‘(J A 4&/fAB yJ )$&£■ tO n j!)yJ lU,yP <{ AB <->£u I 6) (jlt/yl; 0 

(J/k My 

<U 4-hily (y->J .yuSyLifjt Tjw j O) lt y.j )$&£■ V/t/fl <f )?A> AlAiyl V B = Vyi/B — ® n X IVi/B L^&yMJ xh/ly 0 

./MjO jif)Lu 'yjj O),I • r M ) O J>yjZ 0 yjO .(yj/JyAjj .(SMLU T/J/g /J (0 H (J)y> )^e- (jlyJ |“})) J/yMJ (jLjjj 


V —f aj^doJ 4jU.i.wx 

0) n jjI j .x^ «J-i jS^i Jajl jJj (^l_^ V—V a 1; .... * ji I j AZ) <u v 4_jlii 

..b jj\ C—'X Ij AB 


.ijjl C... l iJLj 4i y^iy* 5* jij v —- , j y& x *S V—i aAjjI j I j i—’I zJj t 

ss a B +e>„ xr M + <y„ x (o„ x r^») 

‘ ■ -I AB jj iy**' AB V—T 4-Ll—.< XjU w n jl ji <S" 

.i“XIO n 4 j AB j^jlx jlj »—O 

:jl XJjLp B j A (_$Iai— ilxi J ^SynS- ^[AA/liy* Cj\j\*& ji 

a A =5Cko 2 i + 50ft) 2 j = 1800i + 50(y 2 j mm/s 2 
a fl = 100« 2 k + (0> = 3600k mm/s 2 

o> n x (co n x r A/B )= -colr A/B = -20(50i + lOOj + 100k) mm/s 2 

a n x r A/B = (lOOrn,, - 100a)„ )i + (500^ - IOOgj,^ )j + (lOOm,^ - 50ti) n )k 

yk^f* k j j 4 i 4 _-j! jib j Lf ^j 4_j1x1 ^JaiI j ji jili jl^S L 

28= fi>„ v -d) n 

(b 2 +40 = -2ft) (li +(b n 
- 32 = 2d) lh -d),^ 

ijM? <-5j* jl <s* 

fl > 2 = -36 rad/s 2 <-_->! j>- 

■ 0-~o V/V® _ 2 i (O n XjU l«l 40i_^» r, 4 /g 0 

[<y„ • r 4/ B = o] 2 co, h + 4o)„* + 4w, h = 0 

:i4_>xj L*o~»S' *j ioyiyt j L i_—L 



AAV JS o5> Y-? 


m n = -8 rad/s 2 a>^ =16 rad/s 2 io n =-12 rad/s 2 


<a n = 4 (—2i + 4j -3k) rad/s 2 




|e>„ | = W2 2 + 4 2 + 3 2 = 4^29 rad/s 2 


JuAa ol£i 

(jltiflj t^jtU 1 j yoj*/' <ti/^4 (^/ )I/Ltl j ,/>£* atCT .^(yi AS )I/Ul ,) C^£-/mj <Li)pi (Sbb AB i_/2j J\ 0 

D $ C ,) ,y (S/jjO gt* 0">J* (J? 1 AB (jii/4 O 94 /* <1 /JG t^tU> [CiuA i-jf ^ >-4/ cr***^ 

.^JjUjfjA 0) n <0 <-»ykxA /, 44 y" IfS 

\ m <-W4 /±S* OpQ ilMtuj Va/B /i Q) n d-ilpi 0 


Y—A aj^doJ aJUdww^ 



OL-j (_gl4_ Jj\j OP j~» L Z (J_j»* (1)1 jl.A 4 jL _j jyy* a)0_jj 
C—jIj op l» d)I liw) j jj?j* OjLi ,x£ d)ljj$ Q = T rad/s 

d)ljji oJLi #ab d)LLi il-oi ji ao_jj <> c .p — A rad/s 
j i_Ss__jjs J* A <lulj 1—(UJj j OP^~- (XiL V * 0 J Ojli y 

.J^S lj L-$1....0 (_^l4j_jlj 


oilj d)L-U ^—Jl O^- <_$ljb jyj* ub"^ J AJloXi J~ai» jyj* <» JC-y-2 jlji £j»- j» (_$l 

jl |» * j K j J (I 4_S1 j (jLjkjb ^ l—> X-Y-Z jl ^ a L?oI jj .jLiL^* X-Y-Z c~>li <j p...*^ o.Li 

:j ir^ X 'Y’ Z d^jy^ -(^ty k _j j 4 i L x-y-z ^UAil y> 

SI =QK = 3K rad/s 

.jeab V—"\ Jo^ijl A .Op^ 

v* = v B + Q x live + v rel 

:jl jj aS" 

v fl = x r fl = 3K x 0.350J = -1.051 = -1.05i m/s 

O 

SI x rA/B = 3K x (0.300j + 0.120k) 

= (-0.9 cos30°)i + (0.36 sin30°)i = -0.5991 m/s 
v re i = p x r m = 8j x (0.300j + 0.120k) = 0.960i m/s 

\ A = -1.051 - 0.599i + 0.960i = -0.6891 m/s 





>-JL> joL—J>! ^Jju <Luj i_SLysLj,i ji ^J^aS Cb/sA 


.JOl 




0 V--\ JaU* 


<dajlj ia-^p y A i _)b-i 


a A = a B + O x Ta/b+SI x (O x r^+2 Qxv ri + 


:jl ji *£ 


a B =0 x(0 x r B ) = 3Kx(3Kx0.350J) = -3.15J 
= 3.15 (-j cos30° + k sin30°) = -2.73j + 1.575k m/s 2 

0 = 0 

flx(flxr M ) = 3Kx[3Kx (0.300j + 0.120k)] 

= 3K x (-0.5991) = —1.557J + 0.899k m/s 2 
2 O x v,ei = 2(3K) x 0.9601 = 5.76J 
= 5.76 (j cos30° - k sin30°) = 4.99j - 2.88k m/s 2 
a re i = p x (p x r^) = 8 j x [8j x (0.300J + 0.120k)] 

=-7.68k m/s 2 

jS ^ ^J Oi li L 

a A =0.703j - 8.09k m/s 2 

J 


= V( 0.703) 2 +(8.09) 2 =8.12 m/s 2 


■ J oioiliL^I V—T” <dijlJ jl i. 




ar = fi>=flxffl=3Kx (3K + 8j) 

= 0 + (-24cos30°)i = —20.81 rad/s 2 


JuiLo ol 5 o 

l * /9 (U (Jjj 4 j lZmwJ i-Jjjjjj 1 «>tu/ tSte-b (jltoyftu (jljJ (jjJ 0 

K x k = i siny, K x j = -1 cosy 9 K x i = J = j cosy- k siny <tf u&u <a*i } @ 






v l_i j \ A _- v-r. -Oi_. Jaji i^j, ^\ y v-n 

jl—Lj c—»* j jl 4_SL*l£iA tj ^5lj A <daJLi 

<_j X-y-Z £-^rj* <ij tj* *ili 

•i»lwl oJL* JLaJI nj\ OC CjLi jO *i 

v A = -ri - V\j + \/Yk m/s 
a A = -rt/Aj - vik m/s 2 

L ^ b jJb JJJ .Ij j\Jy^ y* V-rY 

(iUjjJjj ^Ij i£jjb 

j—^ 6 = o l; 3_yw> .C—l «JLi j i_sLij5’l 

lt* ^jy-* j'j.* W 51 ^* j 

»l_^ A/ c~jI— i '^— e 'j . — I—> I —*jyjj .i- 0 = ^*° 

j—jl^ j c^l_J 0 *_<XjiI_»j oln* rev/min 
0 = r>° jj IjA a ^U_jjlj ^b-i (jutli »/Y rad/s 





y-rr <u— jsLi 






1_JL o |oL»J>l (_£Ax) «Oi lXwoLjO jJ ^laUijjLo - (frlflA J*o3 


a = -Qp sin/3 i ^-al yr 

+ fUp cos/3- Q)j - p/3 sin/3 k 



Y-ra J£i 


‘*- s ’ ^r 1 <-$->*> tSj'jja jl—^ 

.C_-I a-Li jlj«w ie-Li J-^ al -a jL^Xj-Jl jij *j gjj Oj j~£> <i 

j j£\i£ iajl ji> ji Ij Ia4jIj i j£l*S- i tSjiJ 

jl ^laijJ-J^. ji ^Ijji J '“! J ^Jj-i 

jl— <—i <; X-y-Z i_$Ia jj 9 ** ••*£ c$jl— dlja^ j 9 " 
a-Ol J- Jo |»_I«- j_£_^a jj Ujjs-ta B lx> J J-lla-Ui JLaJI 
iljlial ji B ujLI j OP^ ia.LJ aili jliJ diiJ ,jl Jj .0-1 

.jh _VY m/s 2 j *m m/s ^—,1^ <-jy cr"' 

4_J O._0 jt_Ulj—iJ jl j«_4 J j^lojlj ^IaOPj— i jlaj»A 

cri), = Y rad/s 2 4 to* = Mi rad/s j -.1^ jl--j 



Y-rf- < 11 — JSLi 


L» i j_>- z j —S’jj»— Jj»- £ 0 -* i3jj V-YT 

jlj_j Jjj ji JC-Y ijUkjjs** .xjS^ jljji 0 jlj— 

1 ^- j» atl^l—i jl X jj»— Oljlj* <{ % JJ 9 ** ji tJj jli 

j oil—1 OB — %j» jyL; X-Y-Z oLS 

0 OjU jlj~* L X OjII j_p^» J j9- x-y-z i^La jj 9 ** 

<—! Oa—J lijj cS'Mj'j '- r ’^-* i cS'j-; •-'-’"Y’Tcr^ 

oLi ^Lfcjj^ x- o—: j .x-y-z jljj j j>~. 

-io£ Jj>- Ok*— ^jj j2 *j lj do— .Jjjj\ c—J j X-K-Z 

.XuiLaJ jLj k j j ( I a£j i^lAjbjj jl aili—I 1 j Ij 3 y>- ^dll 

a m = 0 k j a xr/ = 0 k- 00 j 
z 



j t V-YT di- j£i ^ Jjj ^Ij, v-ri 

J>\ j a Jj_» 0 = r.° J0 = o ^ (_jl jj lj A <J I_jl— 

I R ji\ji OB dU>lj .«Xj*S* ^j^d i J—I; 0 = ° j 0 ^ ° 


OjJI j JjL w aJ O 

O jl .JUji^X jj_~ 6y~M Ss~£ jyy> Y-tO 

c -4 p- ji p rad/s op j- L jl OA oiLi j a^-i ^jJ 

J-S" jljji jj-IjA < 0 -jj <_; C- r — ; aili jlli 

O;!—5 —j jl j Op j——* I—< Z ^Jt—s jj->%a Jj_ »- j*i <e-j^>tA 
jljj_> l_) X jj_P»x J j_9- j jJ j-a t jLaY*-A . Si rad/s 

a l^l^-ajlj , - T -'b—i .ii^^j-a C- ^J 9 - jl Ljl^Aji J s P OjIj 

L . ... ■>- jj lj i y>- OhLW P '_.„■■■>• Ij OA Oitl 

■JU^ jL; Jf-Y-Z jl Ji (^1* jj^ ^a i^Ia jli ^ 







<_JLe (oLwJ>l ^Juu 4 —a k_SL_cLji jj <_£l<LojJLo _ J-aiS 


J Cj " 


Lil^-i ^Ij-, V-1Y 


- J-! >J T^J* 3 *- 


z Jj>-' • • mm ^L-i <j jjJu> cSL-j j V-tY 
tfjjLt j j^p = Yt' rev/min ojU ^, L ij^ 
jljji N = Y> rev/min L y jj»~ Jj>- OCB 

jl *£ yiij* Ij l5wj^ jl /4 daA< 3 k_>L»1 j V CS-j-* .XS^s 
^jLaj_^*«^ jl .J—b’ oXi sib jLU vL. »» J > j« 

.jljUJ siUi~»l isxl (JLaJI OCB <0 aS" x-y-z 
v = ;r(*/\i + */Aj + «/*Ak) m/s ^>\yr 

a = - tt*("V/TY i + */>k) m/s 2 


r .J«o JK 



Y-f r <u— js^, 

aJi b —JU jl Jj__i ^ jLaA...;.! ^^bbjl LpSbljl V—11 

A—j C.. i p (XiLJ <_5 Ia_j jlj jl j;—• If *& 4L^Li» eSj jl C—■>! 

(_gl<jlj" .all A— Ji Cl-Cl JJ?«iS JJ*’ (_$l<jl_jl~«l A—Ji 

jj—*** J>»" J *Xl jlj~* (_ji*l (_ 5 jj ^i iij>- <>jj <f 

OPj— Li a_*j*^ J_r .x*^ jljji 0 c^U jljj. L b-b 

•l—-I ,jii JS ji z CjU j_p»* Jj>- S2 c-fli tsl<f_jlj 

A_ijlj ^Ijl <J jl>- y>^ t^Ll> a ^lAijIj 4_iLi (_$!^ ^tJajlj 

-L~i j j»” jri' jr” J j ® o^~~* 


jlSj>- jl ^Iaa j, JSLi U v-a^S j <Sjk V-f, • 

j—*l_l j eij—*J oS""^>- Vlf 4_jji? <f */Y m/s iXjII Cpj-* L 
^L—i jL—1 jjji aJLa (jLj-il ji £-»lj * —S’ ij-i^ 

jl JJ-;* Ij A-JLs (^A-ijIj t-it-b .ij_l«ii jlJi t_£—Ji 

c-fl_i jlj— Lj S. —fi z = vo mm c—Jj- 

.xs - ^ jljji Y rad/s 



Lj (y jj—>«>) ij-j>• Jj>* t jjX« bwjj V— 1.\ 

Jj_j- v_iL»»jL»j»-* .j—^j^,_j *p = \ * 7 t rad/s cjU jlj-* 
i—iL——i . xj S^ jijji SI = 17 i rad/s OjLj jlj~< l< Z jj^v* 

i-$L—O <*J ji ^ daii s—ilii j i_Swoi a jlj 

j XlsXX (jL-oll i_it—i a— i X-y-z (_jl_Ajj^v* .Xi£ k >1 5- Ij 

C-iLj ^1 —*jjj*»a *—i X-—i sXl sib jLU ^1 c—ijA ^Ijb 

.xi —a x-y-z 

a=rad/s 2 ._ilj>- 

a A = Y7T T (—Y/ti+lj -ok) m/s 2 



Y-f I <11— JSLt, 












v-JL? J ji ^IXo X L a — pX&& ,J*a 9 


(.c J \ajj>»a J^IS <_$I*jjI j '^ t 'j** V— ^ *jy —• 

a = /r(-V i+ j + o k) rad/s <->\ y 

a = n\lyfr Mj +Tyfr k) rad/s 2 


J j-?- 4 _#liljl T 4 -J oJLt eili jUj ^ V—i ^ 

OjU jl^. L; i <-£ XjS^ j!jji CO e-Li ^ 

J*yA jj-*-< £j—>■ j^' jy** dy~P rad/s 

l5' j-i cS'^-^b R £U-i o jj-^* jr~* iJjj 

.Xjt_X jL-j £-j->- 8 lS^ 4 —ijO " -3 ® cSW-jL) '— ■ s, j~* 

( yi\ *Jy* X jy 



y 



Y-f 4 «UX~. JSLi 


■ “. c.j .u Lj |j ^ t ^ <oX* oili j l j.; jyy ^ V—0 • 

■". & j . ^ L, i j >• ijyjjy . p = Y* rad/s c-ul—j 

(y jj->ia) BO jy J y- Q = Y rad/s tx»tt i_sl<ijlj 

1 —; C-C j^jLi jy** dy- ^y^y* JS ,x£y jljji 

«_S —U>J jo .xl— yij£ q = A rad/s 2 jlj.—• 

<_Jaij a i_jlxi j i _£—j J fif *—oXJL^yo 0 = T'° 

j-iX-y-Z ^L-tjy .J—^S yyu lj S—ji <J ji £> 1 j 
.c_—-I yi\ O-x.-y *j>xa ~0 j oxi JsLdl iyy *~*x 
a = -oY/M — 4/Yrj + U*/Yk m/s 2 ^Ay 

a = \T/aM + Y>a j + oYk rad/s 2 


jXL.<o i£\j{ <£ jtx*4. « .* i_SL V—f,V 

j4-^- iJjj <S -> A ^—-Li J*L-i iLwUai ijJ yjj 
lSjj y. *i <■<*£ j'y iyJj* 

B u£-JLJg j—> .-L1—I-Lj JL5i»I L o-L>*j->- 

.JjUj jljja ^4 ^^iil J y- Jj\yy *S jl j> 

Z >%* j eJL-si *&\\ SIA^ 4j X-y-Z 

^XL* y JjJ—• lSUXs " 3 .jL^/* j8 <0 jl j Ji! L il^LU 

J_j_»- LiOLt. XI<S ijli jl^ C »Xi 

i l y> L>- ji .X^^tj p j\y-» I—1 iy- Z jy** 

X->LJ tSlx/jlj c-p j-~» L. L# _iil ,_5 jj ^4 t# _~.li 

»xX ota jLX c~f>- ji */Y rad/s 
ijljjj $ — */Y 0 rad/s Cxi—! ol^j* Ij jc jy** J y~ B ^_5XX 
p — " rad/s ijxLj ^ t-SXX C J_>x j ojjS 

jl <L_^-»l^Jk lj C JjJ a flf (_^|4 _jjI j J O^IXojIj 

.xiS (j***! (3=o xo y 

« p-. = */^oi+ *AJ + */4krad/s ^Ijir 
ff p.„ = */Ui - */^roj - •/•Y'*k rad/s 2 





Y-f Y ^l:...« JSLi 


- ji oXJi ^_Si L,\j^ ^ ► V-1A 


4Xl_i Jxljil Xn rad/s cxlX jl yy L, y ^_Sxl y <0 V-Y 

jj-jP lj jjIjj flf lS^jO j ft) (^l<ojlj Opj-< 

jbj-^ <0 V-V <lajlj jt :l^JLJ) . JL^ f j i M Y - ^ • ° 
ji Q 4 _S* JL_^ <■■..>-.-LjL«-> e^Ul^l 1/ ji^ I-Lj (y 



jJjLu—« Y-f 


L, A* mm £l*_i 4 j ^ ► V-dY 
jiA 4_i,a j jl^-£ 0 o = L rad/s c^U 

C-c-j—- j j 4 4_SjJs ,JL>t_4_> j' -j' OjLj C—sLi (J jio 

jl (JjLIk i_£_J 4—£ y> Ij AB iwJLo L^iJ 

S-j\y ^ AB <_Ss_^J lj£jj) .JL^ J»jl5 C-jJLs4>J 

4_S^ (n 4 ^j jli^ j) j_iL jj>** l£j jjju 

• C,--I J£_Jr U S J-jJ JJ_>l4 J K (_$l-^ 

4— c-f*- (jljli n jl ji *S o) ■ n = ° {y)ykj 

(.xi^Jx^x J) 

v*=*/n*jm/s ^, 1 ^.. 

o) = * /TY(—Yi + ij - k) rad/s 




Y-6. <11^ JSLi 

C-^Lj jlj~« Ij 0J-i <ob (JLLj VwJ^SwJj ^ V“ d\ 

c*-*- *-;y-z <, c~~j ^ • • rev/min 

J (^b ojl^ <ib- ^jjJ Y “• Li 

4_f’j^j>»* 4 _>viL>- j 4iiL i rad/s CjU Olj^* Ij X-Y 

C-jl—5 jlji—* l—< j*jLi jy->^ J j->- 4_; 

j* b jyjj & (^I*j jlj v_jli«i jldL» sxilj N — Y * rev/mm 
4_, 4_s'v-v 4kij ji .iUi-i L .jl^ l-jL-?- y= r»° 
•4^ J 5 - b 4 JUpI jjj“jj c$lojlj 

a= iY/A rad/s 2 



Y-61 411um J^m > 





4—Lo uu 4—j vJL-oLji^ Jj _ p> l fl Ji t J*a3 


L^ywbwJ . B 

R $ ‘ ■ 


i 5 ^ 3 ^i V-V 

jj jJ jjjlS jl 4 I—"\ Ij L—N 4bt**« 4i -L—» j-tf-U v J—» jl j*pI j—t-^j ij y jj 4bl** 

<JiU^ j— <; 4(_5 ^j«j 4— o5^jjl t .. t ,. ^ <tJiU^ .jjlJJ iS j"'""-- y *~i J «ji CoS’ 

4 ) Q..- I (_gj.U....l (_jLA 4 ji!j^ jljL*J (_jljb (_£-Uj 4 —»i OJb" ji (^l«Ojlj | 4 ^ 4 j~M Oj>f 4 Q .—.4 (_^lo%jts 4 > ji "\— I 

<_$-Uj Ji CJU- 

,_ 5 Laj_p^ lo. .c—I oS - t_Sb <_$ljb Lai ji *S Ja> ji {J l^t> ^>- t V-\Ya J^lk* JU- 

c-f 4jjli j\Ji X-Y-Z c-jC ^rj* »l ^*—a ji *£ (_5^i»U -Lo jl iOw) ji .o—l »-Li JiL^H ^ .> • G j* j* *1 x~y~z 

G ^ j — =r j£ j* J_p- ji—=r Hg jlla* t^tajlj jl—Sj xj’-z ( _slAj_p— (jl-ujlj Op j— L j»—>- <y (_5l<4jl j 

H fi =Z(pi XntjVi) 4j 1—1 ij~>y j* j ei ji j^ji G J j>- j» > • (_£l$jl*JI 4*IS" -UjI^j L 4jl 

.J—L^yo m, jUI J | lk « O-Pj— V; jl aS^ -Li jl— 

ol^JUO jl G 4— 40 ; ffl; ^ -; 40Pj—4 0)Xp i jl Ji *S V, = y+GfXPi Ij-jb 4 -JL 0 J*—>- Sj Sjy Ji Ul 

ro-i^; jlj^ .0-1 jlji jJ- i£\*jj>** 

H c = -v x Zm, p, + Z |Pi x ntj )] 

Ijl« 4^jI 4 j Ij .xS^y t^jbjj > ’jJ> iSj?? o—jlp i^j*3*A 4Ju^>- jJjl ji v jij? l^br Ij jl 

4_j ^j^jl—?- jl ( j— ^Lfca^ jj YLmfli = w/? = 0 j <.sj£^y ju# Hg <cUj>- jjJjl 4ijb jly G ^>- JSjaj* 

P i L$b- p j mi 

H c =Jt/. x(<yx/?)]rfm (V-A) 




Y-l r JSLi 


4 latfi J j—>- V— N Yb J^Li ,jjUa^ i_J —j j*—45” ,_jJb- 4 V—A <k;lj jJ Jl^£jl ^^b OjLf- k .; jl 

jJ j-* ‘I—jO j j*—>- jO j Jjle-Li JLaJI j^->- 4 j JC-y-Z t5l>j>>«4* ji jj lj XS'^ jljji O vOli 

ji 4-1—— jb— H 0 = Z(r, x/?i ; v ( ) o4 j G J^>- (_$l4jjlj j»i— y» 1—1 jjOt j .oi<y (^l^jjlj o^Ijb 




MV cSKii'j Y-Y 


u-~r p-=-*. j* ‘ Ti or j m t ^U- aj dm L yL, .o-l v ; = to x r,- aSJU- 

H 0 = J[rx(®xr)]dm (V-^) 


(^gUbo- jj+ a JL a i^ j IfiijjLu) 

Ji jA Ti J p t C—* 3 y ^Ia jb Jj V-\Yb j V-\Ya ^UJSLi Ji e-Li aJIjI oJU- _>J jA Ji *S -dap-^L JU- 

O-Ha- ji jA (_gl j> bol ji H aI»j j tSy jl—«£e V —\ j V—A o/ibLt* tA>*Lj j} .Jj j-^y k jOs^Lj» Jti + yj + zk aJsjIj L 

4 —; J Jd>V J' 5 “ L ! b «J'j^dl jij ‘i^Wjb j^ 0j^l •■»j ^y jly eiliL-l i jja <.jyy 

ji UJI^1.1 O-jIa I C->jj~A Aj jj Jjjl jl J ALiljj (_£j—4U <Jlj^jl Aj L-.-J O) LaA xl^o aS" j*jjb A>-^j i" -«»lj ^-}I 

^|*Jjb iOj^L*^- ,_gJL ALvJ jl ( j-a _} p tiS ^y JU^-I Ajb*4—- (_gjb^ i—>j—A j Ij ^y^j\>- i_ Jla...,i .-LjJ^ye 

dH = i[(y 2 +z 2 )(0* -xy (Oy - xz 0) z ] dm 

+j[ -yx(O x + (z 2 +x 2 )(Oy -yz coj dm 

+ k[ -zx(O x -zy(O y + (x 2 +y 2 )(O z \dm 

J ^ ->* b jij 


/« ^JG* 2 + Z 2 )dm 1^-^xydm 

/ w =J(z 2 +x 2 )/m I xz =jxzdm 

Jzz^ljx 2 + y 2 )dm _ l^jyzdm 


(V-\*) 


(jLAyJj^ALaU- 4 - I ly J J /j.j t /jpy J A^Sjiy ,_gL-AjJ>lA Jj_3- >- (^LaJU^ Aj l ZZ J Iyy i [ XX (^IaO — >5^ 

*->. C--—j Ij V—^ *-^i ^j^" £jjj ^*0^*5’ ^jI .JLiU^ oUi« (^Iajj>~» «j C~—j ^i/l 

•bli B A».-■».. j > jj (_)^^ Aj (_glAi—>j., ijl .. io U»- J IajUa A--vl?7ke .J ZS ^JL) to—Li (_glAj^>ve 

iSjJ — — i ji J -la—A5“- b OjL£> i_yj*d (glAo_J^-iLtflA- J Ia jU-e . 0— 11 e-Li 

J j V-\ • Jajljj jib jly jl ( _ r J .O—>1 lyz — ljyJ I.XZ = Izx ‘ lxy~lyx*^ ^J-i^ eJAlO* . -LiU^ye Lglo^j (JLaa ,^1 jb 

:j*jjb H OjLp 


H - {lXX Q) x - Ixy COy - t xi (tit) I 

H-Iy X (0 X + Iyy(Q y -I yi CQ Z )i 
^ H-ltX^x-ItyQJy+IttO^k J 


(Y- \ \) 


y jbLil ji m j 0> JJ-A? Aj H (^IaAxJ _j 


.Aj^o Ij Jjy jjjty f \ JL;L John Wiley & Sons oljU-l J ‘WA JL,. SI ^ :..._■ *Jb. ^1^ * 




lyJLo |oL»>l ,JJuu <Luj k-SL-oU-i^ Jj ^IaxiJlLo _ l J~a3 


' H^IvtOt-lvfDt-UOk 

Hy - -lyx (l} x +lyy (Oy - Iyi &t 

v H^-IvOix-Iyaiy + Inah J 


(NM Y) 


^ ,»- Jjj—* 0 c*jli <laij (_& J _p- L j G fiy <J y J y~*y <J^ji ^ j <-& ^ 

,C~J d)lj_ji (Jl>- y ® (_5l<lapJ L 4^ C. — il yJL^ 

(JL*aJI j_jI .jjloXi (JLsJl >—JU? j*—<u x-y-z ^=r y i^L®j.p* 4 ^b* _>■* c—-I OLLi 

.JLJL& ^_Ju (1)1—*j I —> V-\ • ji yy) «-J_ r ^L<»b- _) yy) (l)b^ <; Joyy cS^cll V ?* 4 

jl»j j! yulj (_jlAji_^ul ^1 o jj-^» C)l ji i-iby ob-J^ t5b^ 0jl2> <1 )j-l j *—■>■ (-& 4j c» — j x-y-z ^lAjja** 
jl J ijb i j^rj p4-j> *Uii—.1 •ly® <i (iWjb p^j 4 ^)jj J* b L^-b 5 ^ ** y 

t|» ...>• (^I<ijb L-y*y* (_$lA(JI^£lJl (CJU- jjjl ji .XS - (1)1 jj'i (1)jbj jy*-* *-^i !* —-> • (-^j C—'l 

<1 C..,.<.'| (C*-»l jjli" <_$ljb ^ y — >■ C—-I »b» UIp y .JLjy-Lyj jJ\j i _p- JJ>** J_p- 

tSWjb v -* ,c 'j* 4 j' yilj f~*y y«' jj- 4 **'! .XiL b jljj^ j 4 oU<2i>^ ol&—o lS^jj^* 4 jl 

cSj.H'* 4 J>>- us- 4 y^yz j 1 cr 1 ^ ^ (iWjb *^y ‘t r^jK (i^b y ‘{fry (i^Jj^* 4 

tJbl i_ jL—>- <» JbL y~> *£ 

iS Lt»] 


j\£*ii\ _ >jjAj*a\>- j U jU^ jl jl V— \ Y mJ^Im j3 



jyj r~^r *t ^r- 4 b l*jyv °^r J’jy* y • 0 * 4 ’ f yy jj~jk\> ^yU <, *S 

iS^ji *y> *3y (_& *£ ab jLD jl y^f* AaI y>- j~*-> i^j-i I J L*d)L»j» jljJu 

Izz j lyy ‘ Ixx ^ (^LjkjLw* j «J—i j-Lx> jJ > Lj >[*- 4^1 j^ljl <; *£ ijb iyrj ^ya^A* Ij~* L x-y-z 

.c—<1 yj Ojj^> <> ijy>J>j y ■y>j&. *y- <> yd** 


IXX 0 0 ’ 

0 1 „ 0 

° 0 l a 


(_I X j-i^ L y—- >J ( 1)1 (^Ijl <, £ x-y-z Ij^jy^ ■> y-y <£ $ *i J 

-V— y» L. y\ (_^1—A jU^ ..X V ....iiL^y4 .» y t jL^l (jUjU* <» /k J lyy t Ixx 

^y) tSUjlw* ^yL# j ‘ j£\-Xp- y yLo&v 


lj uJJy. jJyl-ji U John Wiley & Sons oljliul.) Mt JL.. SIy, / ' H} .uSL.Lj^. bS .JL. ^1 y , * 



V-Y 


y ^JJ—" J* Y-A ^ 4_bl*j» iJjj-i (j JaU <y* j*d jy*-° ji oL<ai>w« (^Laj_p^> 

ji J ^jy 9 ^ *b*j l£j J y>- Ij ^_rr J_p- 

[ H **/ a 'oit t i> 7 a ft>, k~] (v-\r) 

ji -Zj-S jtj-3 <J'^-^ , i *-* v_~La <_So fjjj ji y^y) *£ *yrj <. m. .>» a <jl£»l ^jI 

jl ^ ^1 <jl t !»■>», >• JJi <j c~-I ( ^^-*-< *>-j? ii£ <jL Y-MT 4bl*« h~jjj lj <jl ^h»ja <jl y y* i4 ^y 

(jL-*j\*jJ < Ijcx = lyy - Izz Ij J •ijS’ jlj-J' 3 (J^yi^ c^ 9 ' j' J_P“ (•— J T ^ cSfjlj* ji *J -^b fb»il lj 

J>j^> <^Uc- 4 >- <j!jb (0 j H 

(.jIajjI j (»*^oy> JLfiiil 

< V-MT J5l_Ji JjLk* <1)1 y y I j <-~L» (*—<-& 

-j J—i#T ji j fj—=r £y $ G = mv ^*y jb^j ^y. 

£-> y> Ij —>• H g o^S" ..ib < 1 >LL fyr £y J j>- Ho 

•>*? & j' b^ csL* ^ <Jj ‘ j j* j b J b' 

-Jib<_^ jjL_^ J <^Ujb^ -u-i (jljb Ujbjj ^1 

cSjj j-j C—I aS' A Jt« ^l-dai y> Jj?- ^»y i<*~> 

^ 7 '.*yt jj b JL? jbjj j Hg iljl jb^j ^y^y* ^ »J*MJ L j -UlL OjU 

:c-i y <1)1 yy y)s.A dy~ 

[Hp s Hq-f-rx^G ] (V-M) 

^5tj O ^XjIj a]ojl> t —^ • aJ^U^ ujj*^ <j 1 jl ^ 0^ 

lj pZ* JA JUl>l Ay43 V—^ 1 ^ O 0^ ^ C.» >^l yo 0^ L !»-■.»■>• jJ 

JXi; 



cr^^lY-A 

^-_P Lj i_^_Lj jl ^ (*!*--— y» T yZ~^r i£j y\ tOlji Js<ai jl 1-T ^ ji 

:JLl C.- » jJIj yj <dajlj «_JLe> 

7 = y/nu 2 +2^m,|/i,| 2 [1—i] 




k-tLjs <—i (_gl«CaJAa _ J*<aS ^♦ 


J-Jjl .J— f/r £j* aj O—S mi aj aIjO »ji <-& C~*3j^ Pi J f^r j*J* O-p^ U jl ja aS - 

j—S - j» aj O—-i oS"jl J~j»U- ^ V - ? - lSj^I L> aL*-^ j | 0 ~-—> Jl£jl jl ( _y~r - ?' lSj.^ 1 jl_£p 0>«j Ij <Ju^- 

jij Oj_^> ^ jljj',y» lj a1*>- ^ 

3 mu 2 = ■j wif • f = -j v • G 

.c~-l p~*r J**- pyGj p»- jSJ* v op^ r jl ja aS 

Pi A-S" ^yj—>«jl jl .C—<1 j* J_p- d)ljl <_$“*lj ,_y*i~^* l5j^I OLfcP k-^L® |*—>- *-^i a jj* ji aJUjj- 

4_» jJJ^ lj d)l t >_ —U> !»—..«■ > • S~a *jj-» j* j—>\ ji .C—I ^yr jSJ* aj 0, -1 «OjLJ Opj— 

jo? ^y^or <ij/l kiJjLp ji ^ aU>- ^jlj&U- L .c—.I (V ->- <^lAjjlj op^- o aS' oJ;/ i, =a>xp i 
Iym,|^,| 2 ='L±m i (a>xp i )-((oxp i ) 

aJI^a*- JlSjJ i— j ^. .^ 1 ./?l>- ji k-Jj-^ L lj ^yla-li « —>j~& jl y <_f* *£ oP l. a. t .—■ I O-olj ^jjl jl £\ 

:c~i y jlj^ kPxQ-R = P- QxR ta £ 

{p)Xp t \{p)xp i ')-(o p l xifoxpi) 

iSjS ctf j' Oljl,/* ‘ki—<1 o*>Uj>- |>Uj ji iSj~L» J*Ip at jy^ 

^2 m i\Pi\ 2 = 2 to'Z'Pi ^m i [foxp i )=\o)YL G 

Jl —>• j* k_-L«» f-~?r k-$j ^yOo- ^$jy I (j\j> ^ aIujIj iA>oj .o~<1 V-A aJaIa* ^1 j^jl OjLp jU> Ho a£ 

:Cw.l G> (i'Ajjlj OP^ j V ^ j£y OPj- L kl^^ 


r=|v-G + ^e)-H G 


(v->0) 


!j«j_;lj <jl la - -; J aIsjIj V—^ \ JiL*^ jl H(j Jajlj 0^1^ j\ji [j 


1 — 2 
T = — mv 
2 


4 P- 


)l+~lyy(»)+l a °>\) 


(V->-V) 


-(fxy°>xO>y + 1 XZ (0 X (I) Z +l yz (0 y (0 z ) 

i Jpl_p- yj Oj_^ aj yl t-AJjJa> ^^jI ^yLrf’l ^j _^"l 


T =—mv 2 
2 


4 t- 


j- /^ty; + /„ 


(V->V) 


2j-?rj n . > • 0 Ji* (^lAkij A^ ,_y*l^A U J Jj-i J^A* 0 Cott Akoj k^j J_p- k-JLkP (»—ST t-$o A$LJjJ-J 5 Ji 

V-^ 0 aLjIj Ojj-jajl ji T — X-jmjti 'T t y\y (Jjj\ tkl—I JU0 jl C-Pj— (^IaJosJ jl aS - JUiL Al^b 

'•^Lf* Crr? 
(V->A) 


r=i<y-H 0 


JWi b t^'A-J jl j !»-->« A-S - (_^lA_kjl j ji r,' (^U- Aj p t JaIa jlji Ij J C— I 0 Akii J _p- (_jIaj jlj jA H G *S 

. JJ-iL^yj (_jl<>«i-j» OS' y~ ji "\—A j "\—^ oMaI** (j JL*j a~j J^Ji V—^A j VO 0 Q.-iJL> iXS^y 




V—^ 4j^0J ^JLumS 



J jp~ j »ijj .r 4 j* v * kg p>- <^ljb (^loXi ^ Jjj 

H <_$U—jjlj j<* (<—iil) c .—j ^Ua< .xS jljjj o) = T* rad/s jl J** L z 

ji Jjj ^~ 4 '->«~‘» j p>- jl .Jjjj 7 (^jyl (k--») j 0 ^Jai J_,p- 

Jbuij~0 jl ~U... iUj| L 4 __jIL« 


B-*\ j B-V L» c# _—jijl <_$! j Ia jlw» '- l ^>‘ 

c.i*. j* iJ^ji jfij* 3^ *-'■’ S i '-^ i£$j* l5^ jj 3 ^ jl cJkiiil B c— jj-j 

:jl o~J o jLp d — ■». —* f .Jj <z*i>y Jjj jl 

m A =(*/>•«)(•/>YD)(V.) = ./AVO kg _,m B =(*/*V0)(.na)(V.)= ./VAAkg 


O 




tjjjA c—J 

/xx = [(0. 1 oo ) 2 + (0. 1 25) 2 ] 

+ 0.875[(0.050) 2 +(0.0625) 2 ]= 0.00747 kg.m 2 
I„ = “^~(0100) 2 = 000292 kg.m 2 

I a = ~3~(0'125) 2 =0.00456 kg.m 2 


[l xy =fxydm , 7 JK =Jjtzrfm] 1 ^ =0 I xz =0 

[l yi = l yz + md y d] 7 W =0 + 0.875(0.0625X0.050)= 0.00273 kg.m 2 

i jjB o—i 

[/« =1„ +md 2 ] I„ = ~^~(0-150) 2 +0.788[(0.125) 2 + (0.075) 2 ]= 0.01821 kg.m 2 

[/„=7„ + mrf J ] , w= ®^i[;o.075) 2 + (0.150) 2 ] 

+ 0.788[(0.0375) 2 +(0.075) 2 ]= 0.00738 kg.m 2 
[l u = 7„ +md 2 ] I a =^^(0.075) 2 +0.788[(0.I25) 2 +(0.0375) 2 ]= 0.01378 kg.m 2 

[/^ = 7^ + m</,</J 7^ = 0 + 0.788(0.0375X0.125)= 0.00369 kg.m 2 

[/, z =l xz +m d x d z J /« = 0 + 0.788(0.0375X0.075)= 0.00221 kg.m 2 

[l yz = 7 >z + m <^<7 Z J 7 yz = 0 + 0.788(0.125X0.075)= 0.00738 kg.m 2 

t/* Ks r t ~‘ t3jj jj ^ ^04* £*-=r jl 

4* = 0.0257 kg.m 2 7^ = 0.00369 kg.m 2 

7^, = 0.0103 kg.m 2 7^ = 0.00221 kg.m 2 

7 K = 0.01834 kg.m 2 7 yj = 0.01012 kg.m 2 






t -JL o fLo-l 4 —j i_SLxLuti Jj (^IsUALc _ pAflA p + X 


j->\ jj (Oy j (o x j (o z = r • rad/s j! ji <S i V- '' jl L_> (•—aIO 


H 0 = 30(-0.00221i- 0.01012 j + 0.01834 k) N.m.s © 

*m> j' (*-j) 

jT= i <y • H 0 = \ (30 k) • 30(-0.00221i - 0.01012j + 0.01834k) = 8.25 J 


wUio ol5o 

B iS/ly-* iS^/9^ <u . [“/-? /^a 4 /’J /J (ju/jjJ fidjota j le>(yUjt (JUSlI (jl/j (S/ly* iS^jpA ($00)9 © 

.JLUJjU^jA {$/xfUi /UwJ Jvjf/ 9 C/JJj £l/JUlJ 

,)JUJ <L jujjy! jj} kg.m /s (fl<oO )(&l c^-uuA yi/ (S^ 9 ^/ fX*?* fol ^I^/xufU <tlwl) )U 4j Q 



9*T JSL-o Y-A 



u~~i l 5^** L*«*l y £/? Y—06 

jLLi iO~jI jXi £*->* Jl»- jJ j3 fjs^j jl j> jl 

jj Y • • km/h OPj—•* 1—< L-*-jI y ji ,Q. *1 oJLi o i\i 

to .c—-I J^->-y; JO £j-sr; <C —-I j> JL>- 

Z Jj—>■ ^*Y* nilll £l«—J (jljl-S 

lS'Vij' j (* >* ‘£/>- j* l> 

Y* ° jljv I—; 6 *S <j,\ji A Jy j G J_p- lj 

.JLJtS*s /I >- 4O—-I JL>* aJC ji 

Hg = -VUYj — VUk kg.m 2 /s ^\y 

H* = -Y/v.j — vuk kg.m 2 /s 



JjLwuO 

^gj LojJio JlLwO 

m f j-*r <->. j-* ‘Sy£ <JjS o. Y-or 

jiLk* ti ^ jljja CtJ - Ij ^yiil c*JLt 

jl fljL? j—fc jl .JJloJ—J. y >^a) *wJu <? Oj^> Aj JO 

tSlj-> cT-^ibj t»*yj v 5 a ' A ;' h Ji U,_5_J? 

W-ii Ho (jl^-ijlj J '— h iSj£ G ^Ja*- y.ili* 

. JL*mJ jij O Ol.4‘>t^ IJO J^>- 

G = mb(Oyfr j H 0 - Tmbco' ^>\y 



o f|JL_? yk i-JL. <u- L V-or <Lo. / Y-Oi 

JL>- 03 I—Ji J£-£ j* *£ l (J^k j /n ^ 

.J_ii io-Li jl (O Op j-- l; jljjJ 

Jas J **Ji Z jy iX <jl*0^>- J 3 Vs '.S *i '- a,4 -4 / * (j'-* jy^* 
^ ~\*ja .C.. .*1 |» i«ti>- JjlS <JL L <u^j LL* j} L^j 1 

O oL^x« IJ— ** <-j v*m Ij aJL» <+* H(9 jl j 


Y -66 JO 









i-~La ft—>1 (_£A*J y (_jI<UJlLo _ ^LftA ,J^»9 p*f 


*—i u k g iS^j* lijj V-OA 

j-i X-y I—i <>- jJ \ 0 <ij\j * 5 " 

jj—> v< J_p- n3jj j oiLi .c~-l «a*i y ojL.^ «iJLi 
p-s-*jljjj N = T" rev/min jlj— L. z c^Li 
J ei 'j-S - ,j— ~« j °ib J_p- lj c3j_j Ho (jl^jjlj 

• 4 r^ 1 *^ lj jl 7 " (Sjjil 


y 



Y-6A <11— JS-i 


<j y J>>- <U V-oA 

/I .a_tf^ jljjj (*JLi Js>_j ^—i J- 5 y* jl y-^ 

y^y* (_$l ji (_gl<kjlj iJ-iL; 0 ) y\ji y yy* <Jy <JL» t^l^ijlj 
jl— y\>- <1 ~aJja ji X-y-z (jL* jy^ *i r—> jl 

. A.'^ yy' “XJi eib 

H = -^/w/ T «sin 0 (sin 0 j-cos 0 k) ^ly 



Y-6^ <11— JSL1 


aj—sw J y (l iL*jl y m ^y <i (Jjjy V— 0 *\ 

^l^-kjlj .a-lS - ^ jljji 0) C-c-j—- L M-M (j^ki 

•■sb jLLi (_jIa j_pu 4 j C-—j H (jl<jjlj j-* (jl^i 


/ Asf 

/ 



Im 

Y-6* <11— JS-1 


Jj->- P Jj—k -l»-lj <jljb •!«> <L« V-OV 

*_L» Ho (^I^-jjIj |—*y -x&y jljji (0 cs-y L z yy 

(Jl—all <—L» *—I *S Cj LoZ>t* ,_jUjjxi O —»U la~. J y lj 

IJ-sj 'j *-4* T’ t5 —la>- (jjjJl .xzS j—; t a;l«aJi 

.a^ 

H 0 = P^ T ^“~i~~j + ~kjft) 

T = — pb T (o' 

r 



Y-6Y <11— JS-1 






Y-A 


J y- b J» j r (/n ^yr ^ jjjl 4 jIj—I Y—*\Y 
-i—; >-y IJ -» p rad/s '~~ £ 'j —"• ^ ^ y~ (j-x-iiA 

J_j_»- jl 4_j J-^aX* C-il—i j <jl_jX~»l aJjjl.L$£j AjL «jl* j*^ 

jljji fu rad/s jlj«_* t_* jf 
j^aj j J Lj O Jj->- *^y —*>l ‘ Hfl jlj (•—*“* J* 

.J^S jL* J£i Jiliw i £>-y ijUjyv 



y-f'Y < 11 — JSLA 


Jo—.j; Y/A kg fyr -O Afl cSLjL jj'tf y *La v-ir 
J_^aX* (eJLUS - jljji cil_i <j G j O jUc~J OG <L* 

J_£ j a-LL* JL, vI^jLj f* 0 jlXjL* «L_j (i <L_ *jlj .iZ _ >1 a-Li 

/V = V • rev/min jLL ol>* 1* z J y <*■ yy 

lj ji J*y>r j j j\ j AB <L* H 0 y^y 

.xcS <—U ia 

H 0 = r/uj + rr/ok kg.m 2 /s uA y 

T= \-oi J 


y 



OjJ$ JjLma 


Jj-»- m fs? *< <£jij“ <»lj—I p-j V -1 • 

J *—ijlj _^a .xUj^ jl jji (0 j LLpL Z jy* 

.juLj {j~ju x-y-z j yv> <> lj H 



Y-f-. <li—JSLi 


r J>lx 5 - ^L, ^Ij^-I Y-AY 

.O-—'I a-L_i Oilj jl—ij .X jj I-.il.Aa i_Sj a^.l'Alj 

Z jY ‘Y j j LwUai JyG <da£ 

^Ijb !-*£>>• jl fl-LS" j—* .J—l;^ p-X. 

C-P j-~» l< j tiy jLij.U jyv J y I l j**y>\ jU-« j m ^y 

.JXj L»J y 1 _ r i_ >• y 6-Li ailj jUtJ C-$>- ji p ( _ y *~j 

i_Sjl _j l5L_jj AjLi-a -UJl yy *S jl j* £y 

^Ijli L-a-jUii J> I .xiL^a G jl b <L u? li ijy 

l» IX* j<* tJ .ill Q z j i ^1*—i jl j OPj—~* (^lA4_iJ y 

i^«.-»JL< *Jl>-lj <_5o jl^jip <» lj ^ y^y* He (^l<<jlj 

* -Aljj' 

He = /p(i+j+k) + Y (I+mb*) SI >_jI y 

*S : SI = Q x i + Q v j + Q z k 



Y-f'r <11— JSL1 


Y-f’l <11—JSLi, 




<L-j ji ^IaLoJJLs _ pjflfl> ( J*a3 


l_> wi »JLi oili jLU ^jU^s V—*V\ 

z jjLij jy** J y- jl -LiL^ G ^j>- jSy 


k y L-i x (_£l—* jy** jl S-, J-* Jy^~ j »y k y\y 

LLP j-~* L< X-y-Z £—slxl—.2 ji (J y~& iljaJ ji .JLili^e 
jy** y £*1 j C aL£ ■•XS'j* jljjA P = 0 tj—^yz 

JJ^f cr^^j* ^ L> JJ-^ >Sjr~* z ° jy^* ^y- Z 
OjLJ I—ii y z 0 jj->** -L-i?^ ^ (jl.j 

(jL* jy^» *—; C..... i I j Jj~—S’ Hr (^IajjI j ^»y 

y ojl_>—♦-* X A_? Ju tL alIIa aj»-_ jj .-Li? toJLl 


z. J_j^p }> J_J5« J jly z- Zo 



Y-^ <ii— JSLi 


A— L, v-n -Lb_. c—s-lyiC S^y v-*w 

• LL - w-.il oJ—i oaIa jl_U U«ijil ji \ 3 J 0 y ^lAjjfcj LL-P j~* Aj*J y 

S .—-a 0 *j c~~J Ij Ho (jlAijIj yX»y j T <jjj\ 
f j ->■ —L-L? y. y j i-LiLi^j X-Y OUU 0 ji x-y 


.-Lil,^ m jj\jj i_SL«j j 



l^Ia—< j? <L r j-U-i j wi A- l^—jj V-*\l 

<_Lj jl a_? sJ—i jl^ a yS’ LLiLi fjjj ji 

ij\* —ijL; (J^y. & ^dj'j cJLi jl jy 

(_$Ia—J jlj j yx*y *S Ij j 8 Ajjlj .-Li? 0 J^>- H 

—Li? lx -4 ojL-^ a = ^ • 0 Jj cJLi L H 



WJ fj-^r j l Jj—1» aj ^UaJL* jl jA V—*\0 

CO (_$Ia— ij \j llpL z j*ilS jy** dy~ a? ^jjJL* -?L-jj aj 
jlJ-LLl L) IaaJL* jl l?L_j .c—-I e-Li yy- iX$y jljjJ 

jl J—> y-Z t£j\y !^\OlLa y J Aii-L. I j f} Aj jl j jjli 

J y>- y Ho L5lA_.jlj y~*y jl^ J>j^ ai»_/ 

.XjUJ yyj La jy** 0 IJL* 



Y -tb < 11 — JSbi 





J5l—> Y-A 



co = IOtt rad/s 


Y-M <11— JSLi 

£|**i j wi = Y kg <j <j jjy jj-U lSL_j j V-V* 


£U_t 4 __j (j(jjj ^ (1 >_>Jj r = \ * - mm 

OC <Sj-Zj* ^1 .j-iIp^ jil o»i*£> jib = Y*• mm 
co — Itt rad/s (^l*—jjlj c-p y L 2 jj*** J y~ i ^j 3 ^ 



Y-Y- <li—JS^i 
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V-V *01—JSLl 


—_i *_, / JjJ> <_, ^1 y^i ^,jL <L* V-M 

l 1 t C .-i> L, ~ . ■ W 1 fl J. .j yyj- A *—iaij ji B l51—J J (jijij 

jlj_L« -X£y jljjJ _;>>»-* Jj>- © CjU i^tajlj <L*e’ J ~> 

A d Ua. jJ yyj^ *^S (_gjjl ? .1 ? JL^ iSjJ* 9 Ij © 
j->\yb = hi ^Ijl *_■ J 6= V°C—3jp jJ J-W»J 


j-» r ^L»—i j m fj-*r *-> jjA —* tX-^j V-AV 

j eSs —j j *_>uM y. > itt <j jlj C->J j^p oiLl 

© i^pL cili «J-i jl_j— tCjLl jlj^J ouLtf 

^_j «JLl> JL*^I M ^.?..».>• ^1 ^lOaalj cJbUJ 

Oii" yl ^ ^1“- {SJJ 

M = (“ mr © T sinYa) j ^1^- 



a ]oju ji m ^j-*7 ^ jjj V—AA 

C-p-1—»Z (<->‘0 jy** J y~ *£ (.jljil <» O 
JL*pI jjb—JLS" ,C...il «J-i «jli y'j^r 
»C—-I jljjj jl 1 U I 4 JJ <_$■ Ij (^J^r Ja—jj Jjj Ji *J -1 
•Js^ 0tt~ 

I 



V-AA < 11 — JSLi 






?W Y^. ^ 


c*jU JO ^ Jjj ► v-vr 
i jsS^j* jl jjs <jliljl B j A (^Ujlitlj ji *$ l jii\ cJLi <» 
C *. «* ) j* OJl>" jl ‘ “ - -I 0 _l»l d^b 

J ■*■* 1 1 ^ iSjjT~* jl '^ * * I — fl '^— - fl^b tjb»j ^ 43 l 

■Jl.‘.!f *j >0-^-1 l>j jl ^-j <dLolj*>lj lj A OlStL, 

A = mg / ^ <_jl j>- 


y 

I 

I 



Y-ir <u— jsls, 


v-<\r <Il_- c^i^, JO ^ Jj., /i ► v-^i 
jlj—i* Si3j£ I—*j 4«Xl »jb (jblj CmO_ y* ji 0 jO< cJU- jl 
«jloil <i Jjj L ^- J ^ jl ,j-j lj A jUHli J*-*JI j-O ^jJ 




Y-*\ 1 < 11 — JSLi, 


>■ j Tfc l)_j-J» i r <j <ol_j^_-l V-^Y 

J£—•* ® c-jU j U z j_p^* J m 

\jA jj cjLI jj ij\j M L y.l.4. > - jIjJu .xS ^j» jljji 
••V* j <jjj J* 1 * J* j 1 


? 



Y-W <11— J&i 




i_JLo |oLuJ>-! ^Jju .SjLj 0 ^j ^lAajiLo _ |vL 0 A A 


kk cp 3 >^i : isi& Mi 9jl'} ^>> V-D 

A-^ c£jj—=**■* *5 - Ui L y 4 £J J’JJ* 0 J* ^y oi* c^J^L.JX-5 OS - ^- C P'—' 1 Oij^V^ -)' (^i 

JjLS C-S - ^ jl J-IS" .xS" jljji t $j£i> jy Jy y? >y ^yy ol J_p- p —*r 

jj—>jj jy ^ ^y <i^' y&J* yj^Jy J 51 —• y.y^y j y.j> Jy* < Jj ^ j* b 

cJLs- ^jjl (_ 5 jj jj L <’ L yy jjjl j* .(xS - ^Jl>-j>«j <_£^jo j_px» J_p- IjU jlj?* L> _> OjU C~£j~> U jl_p 

.Xi JAl_p^ jS"jXU ,j^>1>- 

jl (x_X;j lj V-^b JSLi) ejl_^ JJi aj .vi—l t ^-f» ^Ui^jlS" ^Ijb j 

J_*aio jl A_j A-ff (jlejL-rf jljji Aj Aa-jj OjX Lai j3 yjy* C~y jw/^ l>- (^UjjliJ^ -ojfy> jZ L 

^jl—w j ^ ^j y\ o....<->!_>■ j! o L— jI L OjlXk (_gb>!». * ,..■>»•> ijy y u —■...“y ^jI Aj XU^j y >L OjU «■ *■ ■ -*1 

jr-pj Obj J 4 bj —*i **J$ <-&J fy <-^i CPjjil ^ ^j^y jl J oilixl ijy 41 X 5 "y i^Lj lj JJjLj 

jlS - ^-Ll J-*a j xiL JU-i c~f>- <; a-. l »a jy* aS - ^ a£ *yy vr - * 1 

jlj_S e^U 'w iI «X^ jlxL aL-<j c5L O'j^- <j yy** U (^UJi-JaS 

°J—^ - 39 VJ^-JX-3 *-^d ®‘ L -' cT'-’jAsI -^jS^j* 

(^LfcijlSUL ( _ # -?-lji» ji .i_jj jl—S ^j Lja ji (d)Xi jIjj aj jlfj) <lS y U <—C~^>- y lJ Syy u-pL 

j\ijy>-jj eiUJI Jji c~+j>\ jl jj J J\ iX^^ lj jl aS" Ia jyjj C-iLi 

^Ll.j ji L*jb^ £j\j—Ju j> l* ^ oL/«* jj aS - ^j-i *iL- U LfiJ^JjiJ S' 

Sjy> ji b oU’bU»l U i/ Jj>\y S^S L. Aj ,jijj ,jil .Zj£y j\y £>,y Zjj* iXtL^ 

.ilj AjIjI Ij t(V— W aJ^Ia«) yj>jA aLijIj jl a^ lX- il l» { J~y ■^ J .JJ^ >X~jX Ji\ 


0 Juyj OjLwJ 



(^Ia-jjI j I—j a5 Ja jbij I j (_y jlx« jyj j V—^ i 

zy>- jy* J y o^y y ^ a5 xS - ^ jljji z jy-° J_p- P ^bj 

0-^r j *ib M J ->j-5 >JLj *S lj F y £\ .c—I ^yy 

l*-—*l yj* ‘j*—JU aI jyjj jy Aj tC~*l X jy (^lx.lj y jl jb^j 

^Ijl L-; t5'A_Jjlj Lj <*_>oL? Ji jjLjj JJ^J> aX CiLj 

•xs - ^ j'jJ' 5 y ^y ^jy yjyi <^-*y aj a££ 2 = i (r 


Y-lf JSLj 




PM u^jAsi : u>.3^y \ { jdu 


d (H ) jj>*a j (M) jjLi? jy* ‘(p) cr*~y jy* *j' o —Jy ^-s~ ~ a jy* ■*— (^Ijb j* 

otjji >j->- jy J y jyjj £I ydd \j jljjJ d^J^y. J dJj% ou-lj OU-o ®OpIS j' t*jy yj 

^lAjb^ ^ jj^> <> jjjl <Sy jj la— <j .djijf^yx jy J y M jb^ C~f>- y jyjj jy ^J>y> 

£>.y 'j »-SJ ia>JI ouS - y yj'\ j&> j j' jj* 



J -d J (*—?*',y •*yy j^ ^•y j* dG - d (mv) iUwl v-.* — G = mv ^Ja>- y*y yyy- F <jjy j J— 3j\j 
o' o\yy j c—I F = G Jiy^ fjs jjili jJs y d F djy y. f y ^-y y c—I eSj'a y < dv *yj y jdG d 
o—I F = mvG L tan dd= dd= Fdt/mv ^Jb- cJb- y d V-\ob JSLi jl .c~l> F dt = dG Cjjy <u Ij 

'■^yy yiy jy ‘ 00-1 a >=9 j aSo^I <, yy L ^jb y JSLi y 
F = mo) x v 

j-> <jJyr-j >jy y •*. y~£ ? J-»i y 0-1 F„ = ma„ ^Lil d ^)l£-l aJojI j ^jb y JSLi d 

j\ji 0 >«j 3 jy Oji 

y Ij M = H 4_«jlii JjL 5 4_blfc« ( _ rr - ^ jL *y «xi ^Jb <lo- <i iJsjIjj ^1 jis J 5 J*, y L JL>- 

y[jj y £ja (j-L-l y Ij jl n-_-L^ jd L t.JLs jl j»p! t^y ^y y 3jy y d 

V—\ 0 C —ti ji <d Jl^P -1 OjIaL* jyjj <i Ij *ia»lj jjjl t-^jl .j*j ij) jL; (i—V <bln«) O C*jU <lail t_£j jj-L-l 

‘ y JJ-^ 4 J_H- ^ eT'JJ' U^-i olj;— * J P ^jtd-y OP y jl VL jl jy ^1 jl <> .C—l sJLi oib jUL) 

. 0—1 jljji jy» 6 y J yjj y y) jU^» I = I a d ab jlO H=/ p jb y ia^y jl yy I j ^'“Sub |0O y> 
Jl— o-p-I ji£*y0 Ojb JLii <i Ij Lf d d y jy* C)y- eS^jlj dyj$ diy jl IjloI y 

y j dH <d ^d,j* -bl *yrji d^J^j f~*y J* dH= d{I p) jdZ i_Sj d 3 k_—— H y 3ys- M JjjS" 

*—! -O —*y jrO M dt =dR Ojj*» <, jl y^y Ij jl d M = H ^jb jy <■ M JjjS" 04^- y o—I ^jb y dp -l>oJ 





i_JL> (jJju <l-j uSL^objij jj ^I-ujJlLo _ J-ofl PY* 


jL>wl J-jjS - 0 - 4 ?- ji j j j (►'“*>* jb j 1 . JUpI ,jj y 0 - 4 ^ ji tj 0 ^ ^ J> y > jb^ jz?° 

1 L) .jc J^L^yo dG j G 1 F (_£l_»jta y *-~~ —i> d¥L j H 1 M (_$Ia jb_jj *S ^rtty j 3 •*.£ -'- A l_p~ jz** 

y JIj-p- jj— jjj ,;>->*■« jl V— ^y' *i jzz** '—~y J a jb^ *Ji yy* 


.i/ -ul_p- t 


ijlJUl *-> /p (jlA-ij'j >• jb^ <# ,yL*j 4JU.I3 ji aS" A^*ib V-> Od JSbi Jj 


: r~>' 


,b j c—l \andy/= dip ^Jb- oJU- jj aSLjj1» <0 4-bS"^ 


d\y 

: r~>' 


Mdt_ 

Ip 

iJLJjlj 


U M=/^p 
d: 


* ojljjl ^SoLj Q — d\{//dt aSOj 


[ Afg/Op'| 


(V-Ti) 


l_i ij U_;T (^jbj—i 4iuij j j 


J y£- Ji Aj Ji jb^J p J ft 4 M dg j*j jb A>- y 




[M»/ftxp | (V-Tia) 

iJLj Ja_s^JI soS - y ijy ji W Oa j b ji a£ JLiL^ F = men x v ^>-1 <da^lj oJi "ibis' a? 

j—i £_slj OjU aIh'i s* J y L j '£J* tS> jS jjl —£ 0 - 4 =^- V-Yia j V—Yi o/^bl** . 0—1 0 -L 0 £ ^jla* 8 S* 

.X jSy jly eiU —1 ijy OljJ 3 JJ 1 ** 



Y-l* JSA 


ji t dp ji j dH a_S iy-~> ij-*'* j* O—olj jj;! aj yjj l> b\yy 1 j jb^j a— *b;lj 

P ^j-^~y j—° jbj-; 4 A_j> 0) .ji^S' ( _ # —• yo>i*L» ft ^C.^ > * jl ( _r , l-''l _/ aS - -l—M 0-4 > - 

ji a_S lj jj—>y> jli ji a— tOjlib 0-.. » ..b^ A-« jj V—^"\ .ijli Ij M jjliO^ jb_^ 0..».>«i Aj jljji Aj (JjUj a O >«.> 

*->ty Aj 4 ^J— OjU-j (_jIaJL:—« ji jb^ A*- ^1 4 —a£-Jjj-j 9 ji .jl— 4X1 aI»_ ; ? jl^3 0-4 > - 

M = lot j F = ma JOl__ a V—Yi aJjLw aS^ aJZy J-Sb b jy 4-Li *ih£ aS" A>«jl L iLiu J Ojlib 'iblS 

jljl 4«... ^jj ji aS" 0—1 jjjjj ^ Jjtj y A-iS"jjllO^ oJLaj OL— M aS^ Aj .0 — 1 O £y Abl** t_^j 

Cyjy i JJ* J 3 *£ A>wl j£l> 4iJ £ yJj^y Aj jblj jyjj ASwjj^a ji AS" -Li ojLil i yy»A .Jjyy «jb jl— JJJJJ 




PX\ k4 '•y£~ , 5S.j c ^.y Y~'' y**. 


jl Og > ■ J ejljJl JaUJ Aj aS Ij M Jjjf <S*>_ aJ—» b- C*£y iXb\y jjUjI jl y jZ cSO 

*yy. v-Yla Abln* 

L ^TJ- 5 ’ o i Jj —J ^Jj->. ‘jj-jjj J_p- OljJ-> *Z y>y Jy.J oJ S’- y >~1 —>^> j-3 

O^jj <£j ji Ojj—> Ji O—L^ Q i M j I j I yy ji* li* t^ljl Aj *£ -ba jl yy Y-Y ^ Abbn jl yfi .0-1 

l 5 -^ 4 jb* ,j-«jbjl *jy y*y *i ^°y.y ^*;^jj iSjj Ij ^ aS «jl»-l Jb - .oiL i Syji < p 

-*—OjC (^lejlAil (_$ljb £2 a£ ^AZy jl ji yy ijj* Ij 

Jj —>■ jj-jjj Ojy .J—Ol— b-l>t» I j jjJ jj jUjb v-W JSLi 


n = vrj 



Y-1Y JSLA 


jibi^i 10—1 (^IajjIj O-Pj— <Sj jJ j yy) OLj. jy* 

i<>»o y .o-ib -iAl_p- *yj <jW_>b y^y *Jiy <-S0 jy jj J y 

/jz I J lyy L— If) *£ O—b ^y\y- IJ //y = /o J //» s /p Ajt] ^4 ji 

H ji j z - y -O——I oJ_— oab jl—— J£_— ji H JS^ j *£j>y . J—lj^y4 

«1>1— <_f-b y «J— ^bOl j c—-I r/II = M dt Ojj—> <u J-5 -LJUjo 

.JOiL^ dip = M dt /H z = M dt/(Ip) -u_jlj jl OjU- JJ o;Lj> dt 
jl «. i : s >y bb i y j »iy jZju> jjA V-Y l 4 <?«0 



ijjy^ j-i jy>jj Oljji ‘OJ y jy y *S *iljl Ij OS 'y 

Jiil^ JtSI 0^ J y yJy~t *5 O— I J yt- 
j-^j y Ij OjLii* « j-iy <-SL< l—L yjj- i— V- ^ A J^-i y)h* 0 y £I 
j «ij —> Jl^- y iy jy J y p ilj j (JIajjI j O-c -y L *S X> j^i 

yj j *£ Z |*jI3 jy** Ij *yy Ol jj* jy** l*r«jj I y .ijb <uSo O Aiaij ji 

jl bJ_>u -^jl— 1 y 0 <jjlj ^jy> 0^ J y 

J-k' J* Ip (Jjl—b H_J eijS jjaisy> C*— I yjj^j jl aS" ^Syj$ 

jl Jao »yy jy. J y tStajlj y>y *5 0-1 y» y_Jj j yj$y 
jl O *Aul> Jj_s- jjloiS 1 . J — j yu> Jy tjiy jljji 

jJ/L'O r AS - JOL^ mg r sin 0 L y\j, *S o-l bjj fSJji 

A— 1 —y Ho J^IA—Jjlj y>y *S JsZ d\jjy JSLi jl .O— I ^y 
•x£y jzy ^ jl.j oJj y Mo Of> jj rfHo = Mo dt ejljJl aj dt 
Jj—5- ^ o~>\s~zi <ijlj Jr^'yi^ • JjL, t y 1 Oj^j Q lf jy Jj\ y J 




dip = 


Ip sin 6 

■.yj\zQ = dy/dt j M 0 =mgrsin6 J^ljj jab j\y L 


mg r sin 0 = IQp sin 6 L mgr = IQp 






k—la i^Jju d-j OLoLji ^IdjjjJLo _ ,J*a9 ^TT 


- cSb-; b <3 j-® *-Mj _j p « ‘ < ^ jjij&L- \jl = mlc jj—bij *£djy> j* • ® 3' J^—'* ^ 

Ja>- 



(V-YO) 


ji \j-*z>Ca jl j~Lu J J —dy aj'IjI V-W JSLi Ji b i _fV' 5 ^-*r*y d V-Y£ aJjLa '-i‘A>- _/ 

ji £2 jl J—>L?- ^lA-jjlj J - *~^ ^ Oi' -ri (^“r* J •-—"' yrij^ ^b *-^i ^~Y 0 AJiUta kO~.-I X-Z A>*ia 

J_jl _p A_5f I—jlj oJL- jJLj O —i ji lj a-Li il>«;l t^Ua^- .0—-I jy\j P jl J—>b- cSW-jlj ^ *—jli* 

0->*J IjIj 0>j ^b'^ J A ^*** oyy kU J Ajj»0 U r-L"l ^ j*»aI_^ Alas-bL 

^ylajlj-i ,j-A>- aS^ y jy^ jJ .Jblu (j-La kX»I V—Yfl Abl*j» _p aS^ Q o-pj— L jl <Z-d y- d 0 — 1 6 OjU Ajjlj 

(ji-jl^il 6 jL —y A—b kJul_ L £~f> IS" « jy» J y O-Pj— y*J *& dy^ “A; io-O jl-bll5 y JjO-j t-Xjl—J yA>*j 

y <yJ^ kji' J* objA* jy* jd~ J O-il *i •> A3 ' j . L 5 4 


y JJbu 3 4 j>pu 

eilb_.wl * |»-JL— jjJs> <j o—I u>Ltf <-& *jy* j* cSW->b t^ *bl*» *S b V—^ aLL* i)j£\ 

<di Jy Ob j* i jy j* oi* -^u* Ob.^ Jf* 1 * ** y —^ ^ b O' j 

k^L^ai Jj—-S’ tS-j j k-jjSL—jjjJ \£-j jj-Zy tiAjj* JL-*"- j* «j —»y <-& .0—1 £y J y Ij 0 ->li <iai. 

jl^_i 0>_ r — Jjj—* Alai i_^j J_p- jl<> O^iU^ )a^y Xi\yy jLioS "y A S -Ul—fc ^L-j*-! jl ^IaaJj-O 
cSl-*JIJ^l J-»- J*l-^ J_a- _j oJy oJy+j U--J kj5l— jl A—J jjl ^jiS - oVilit* .5^ 

*-> o—Sl^_il Jj A_S 0_Jjb Sy*rj j' yr*J -O—' OjI—U^. jl ^UOl _j 

^jjl .C— b JLaILL jlOJjli; ,_jbb jyo> ^}y~ ^b~^"l j^l jl jj* jil y 0—1 AJaAj <£j (Jy- jl jjs Oj yp 

.JOl«J y jl—I i^y b *—’Vil** J>“ A? Jj y^y utS^iSj)^ ail— «—frlj Jajlj— 
i^jj y (Olj ^ OjU aLiaj aS - Xjj£> Jkx> ji {£_)_y* jjl*j L lj V—^3 

kJ _j-^- A_j ij_>- y j X ,^Ia jj>k» klJ— jljiP Aj O aLaJ ji Ij .0—1 jljji Jl 3 * - ji '■y.j$y z 0-f>- lj jl aS" 

obj^ ^jj - 4 y ol yy b ^ '-*r**y - Li •■ ut _P' (^>i* J-P* 14 z ->S^ J ai y- yr 1 - c^ 9 ' d^jy* 

oib jl—JD k_j_jS —*jy ji v-\<\b ji a^ ajj^jU-* _j f^" < -bp - kAjl—• k^j 

^—jjl »l cS^JJ 5 ^ y J * d^jy** bJL>»t .0—1 cJ— Aiij? ^lii ji ol. a~> «^« ol^— i I J— jljAP aj jS^_^* koJ— 

^Lai J^-jS’ ^JaJ Lai ji ^y jS’^ J_p- j— a»- Sj jljJ J *JJ* ji j'b L y^'-^* •'AAO~* G Alai jl aij j£ 

I— Iaj_p»^ jljJ^ jr *£ ->* jj*A; a 5 |*jjb yy kOJU- y ji .ib aII jl kvi—-I t£jy* jjli c$ljb *£ V—l ^c (J^— 

^jSLj OjII jLj Aj O-— y j X (_$Ia jy* J y y \ jl— <.{z jy* J y ^yd-y) Ia jy* Aj 0> — jljji 






ji ^J*>\ <J>\-*“y j.Jtis ^ L>- .Xeili o^lj lyy — 1n = 1o jljz — 1 jy* <* c^^ri' lA - ’' lSIaoU.* .XJU^ 

.X-iL^ ij\yk jjI 



(a) (6) 

V-H J&& 



(c) 


jj—jl .ijli I— * 4, k —w » L; aS - ^.«£ ^j*A \j ol 4 V— aJ^U> <SjS 

(_$l—AI oJ_Ji oili <jl . t .j O O-jI—j 4 1 qjii i*£j J0Ijji jl (_^l4j^j i jja ji V—Y ♦ CjU<aI>t* ol&~o 

4iaAj Z? 4j>ui^5 ,i j£jj ji I j jyjj jy*- 4 ji O Oott aIxAj j X-Y <_£Ujj>~» A 4j>«jL^> j eiy 0-;Ij L<ai ji X-Y-Z 

(jjS ejlxlt 6 4jjlj L Z j*jl5 jy** jl jyjj jy 4 ‘-»lj*«l $js* •*^*-'1 jyjj jy* 4 ji sy* j 4xili y ji lj O 
4_S* C-—-oi OuL^J ji ^yjl (J^ 4 x jy*A .C~w^l B j A *j>Jua ji I yj 4jjlj (_$jL** JjX>m_A 4^ ijji^ 

<j'<—ij'j ' J;^ 4 JJOJ XP~* ji z XP*- 4 J j'y ® 4>^ ji )> jj>~» • i j'— t/* X jy *■* ^Ij'j 

- 1 -^ XP~* j' <j' ^ 0 4j jlj L ^-y-Z <jjUj j>*« 4, o~J jjOJ 

.Cw.1 p = (j> y\y iy- jy** J y p~~*r ^r>-y; 



Y -Y- JSLi 





v -JLo |oL»J>! (_£ Jju (^I^JjLo _ aft J^aS PXX 


■l--> ftl_p- ^j Ojj-^5 <U V-Y • JSLi jl Ar^-2 y SI j^tajlj C~P y J O < “-' C 'J-" >• 


Q, = 0 £0, =0 

Si y =W sin© ( 0 , =V£sin0 

Sl t =\j/cosQ ( 0 , = if/ cos 0 + p 

y j X » - y c5l<ijl j Ofj-i jL-^i <^1*4^3 j* ^$1 jlft j U jy-» *£ O—*1 4i£j ^1 4 j yj> 

.xJiL^ CjjUia l> p yJi £~&y J>=rj JJft L$jI z ^U^iJ y ^j -C-iL^ 

.Xtyy jtj OJ 4j V— ^ Y 4Ja»l J jl {J,\*jj\ j ,_^Ia<«J y 

H x = Ik o) x = I 0 9 

Hy = lyy (Oy = I 0 Iff S1110 

H z = ( 0 Z = I (iff cos9 + p ) 

‘V— W aJjUji y |*X* J l^WjL) C~pj~- ^1*4^3 y jib jl^S Ij 


%M X =■ l 0 (@ -\jf 2 sir\9cos9)+ Iyffycos9 + p)sin0 
lM y -I 0 1$ sin 9 + 2 ij/9 cos 0)- /0(^ cos 0 + /?) 

ZA^. = / — (i/> cos 0 + />) 

v _; 


(V-T-V) 


ji G jfiy iJy- yi> jO OjIj aIiai <S*i J y~ j jUi* j*—>• «-& jl jji ( _ # JLS* o^bU^« V—Y^ o^bLn 

O l-A'> vi ol&—J•-*“* JUpI £yJ*A 4j 0^al« Jp- t^^aa^JL* 4.U...... 4 t_£j 

^y>*j jJ 4-S p 4jbi3 «-& Jj>- jl ,j^>- vlJU- ji 4j Ij iy- tO^bbt* ^1 jl ejlAx»l y .ijb 

.Xi .Apl y- ^ 


bb JtljjMMj 


1 c-jU ^jlj j 


(ibb jlj^* b jyjj *S j!j3 yjj> >jy Ij y j>^' 


\jf = c-aU t y/ = 0 
0= CoU , 0=0=0 

p = c-ali 4 p = 0 


:4^X jft yjj^, '■P 


:.s yy *>«~j js^Y j 


IM X =^sin 0[/(v> cos 0 + p) - /qV/ cos 0] 

ZM,=0 

ZM f =0 


V-YV 




PXb cSy Y-\ \ 


Ji -bl oj-i ijlj jjj'jj 4j (G 4ii J_p- L) 0 4ii Jj>. t C—I ^j*il i£ ^jjLJLS’ jjI aj a^-jJ L 

ejl-ijl t p j V 4 0 jjill. ji* C-»li 4^1 j> «j*>U .-U_yL« jjIjj z j y ^U<uJ y> byr; t.J~il> x o^>- 
JJ-^ J (Z (.rJj-As! jj-**-* ^ -u c£jj>^ *£ c—l jJ <u$^ ^1 aj ap^* .i* »ulj^ 

.C—I 4-bjli jl jS jl ji (z JJXM.) JiS-y 

o,LJ 4jb jly x-y-z >&-,> ji aS ^jbU Jbi jl H ^UaAJ1^ a* i/ aI^^A. V-YV o^il~ jl jly^ 

J' 3 - - = (®0.iyr + ft X H L# _1S' CJU>- ji A_£ jl .C-*1 (fi)^ =0 aS (Jjjio Aj 


[zM =ftxH ] 


(V-YA) 


V—TV Abl** jt*A aj H j ft jjill* jib j\J» l* a£ 

iT’Jj— V “' ^ ^U* aS - -Ui^ £j CSy Aj J OyjA y-X+A (^UJli. y** 

x — M j l// = £2 4 (O z = p 4 0 = 7T/Y jib jlji 1* A>vj ji .o— jI i **p jyjj jy^ aj *S ijji ^l>»jl <_£jj>v* J_*>- 

: r Ji V-YV oVib, jl 

M = IQp [V-Yl] 

.xi £^>c~.l 4^JU- ^jl 4j*-i^-« JJ>w jl ji' cSI-UjI y a£ 

4 ^—•'Jji j j>* ^ j' jf & j 1 j* t^ljl aj Ij (jjlii* »jiji) V-Y» J^Li ^UU 4 -uLj JU- 

ji j-l jili Jj-i L« .c—^1 m^rsin0 ^ j .i^ jjjj jjj jl I.M x jj\^S .^i jl J 

: r Ji ji/ v_u> jl ^ j V-YV oVil« 

mgr = Iy/p-(l 0 - l}j/ 2 cos0 

a -jli. Ji AliUj C—lj C—- fJ i a!*j>- ^ ^J^b 4 C— I uSbpjS' VA 4 JLiU Jjy p*Z J J^ Ji < 5 " 

(_J-M <i'-* ( >ij£ik- j' ejbi-l Ij aS - \j/ -mgr m ^j*jjb jlLs j-js (_SC>-jS’ aL»j>- jl ^1 .ijS” /i/)p L, 

:i jJ-^mk = / j £2 = i// 


ft = 




[V-YO] 




r eS^-'j *^*l^ (i'Ajjlj ^^ aS - ^ji JjI b Ij a!*jIj 


jA* 4P J^UwwM^ b lib 

^ Cr-y^T ••*-tj£i j* ^y~ jjbi? Oj->j jjlii* jjjjj 4 ^j cSy *i/l>- 

.i/ AiL-%. ^XZ~A j\jy yy Ji ^ J ( _jl^ji r ^Ijli ^ AS - ^.UajU^j J UU-jUi ji jl yy 



<_JLo fL~>l (_gAjL) A~j i_^oLjO ^IAjjJuLo _ ftfliA J-afl 


z 



Y -Y\ JSLi, 


ji >• aS^ Z jj>** Uc,I _p .JAi^ jLi~> Ij —r ^ ^ (J^** 1 

<_jl>cjl o J OjIj aS^ Hg (►*~*_y* ~y? 4 <34^ iS^ji -'-^ i 4(_y 4 *jl 4 LaJ 

ji A-S” i jl»-A AjJC-^-Z <_$lA jj>*j> tC--<l ZM G =0 by; ■• > y , i_y 

(^Ua-aJ y ^V-Y^ JSl_i A_J 4—L -OOA (*—A>- Aj iJLi V-Y* 

<> A^ry l .H Gt = H g cosQ j H g =H g sin0 <// G = 0 :jl jcJjLp ^y 

_jl Aj JaJ V— \Y oViL*-* ^yl*J jjjl ji eJLi i -bjljj 

J Ha y ~ IO^y ‘#G, ~ IO^x °JJ- 3 4 —i b\y^y yr—’> lj Ia 4—i]_^o j_jl 

iOjIj 9 A^jj^b Aj (O x — ^ t — 0 J^jI^jUj . yjx H G — Iq(0^ 

L» Hg c-jLj J j-?- p ■ ■■ > • c— ^y~ 4 —^ •—**- , l ,jdl ^ lS jjjl 

•^Lf* fbJ ! 

Z jy->*» ol j—«-* a_j j y-z a ji © jb^j < JC aa!j^> iy-j ^ Jp ds Aj 

4_kjlj jl <1)1 1 j6 j P 4 -b'j ->jl—c/* P *-i j'j Z 1 —> J > jS i_f* j'j 5 

.Cw<l ^>j Aj a£ ijjl 0-0 9 = H g JH g ; = / O 0) y /(l(0 l ) 


tan0=-^tan)3 (V-Y<\) 

f$ Ajjlj J^-y jy» 4 ® jWj'j ij^ljib 

.O..j| ^jj Oj ya Aj a 5 ijjl C - .jJLj Ij ^j^JI-j Oljy* <1)1 y,^y (_yb*l V—YV aJ^U-s M= 0 jib jl^i L 

v= 7-—^—- (v-ro 

(/„ -7)cos0 

.ijb yi\ jl»^ Ji jjili* Aj ,yjj~~z>. £*y^ >— ■'«! yO^rJL* Abjlj ^jjl jl 

if y jj-£~j j—jl 4 _i j ^P < ® Qjj .ja.jil ji iJ_iL Iq** I «ib jll. V-YYa aS^ jjIuIaa 

••^Lf 4 Lf*—^ -^cf* ^ /*- - ' 4 : - 4 cT 1 - 

y 1 j j —>-..«j jl a__j a^ P > 6 :C-• jb tJLiL /o< / *£*>jy& ji to-LJj oib jLJL> V—YYb ji 4^ j^LuLh-a 


^-j^j 


y P j y/ j 




^ J A <^dbAi ^b- ji .Xj.J^^ ^yCtJ 




jA a^ JlAi^yj jLU V—Y Y j 9 — P '|*jjb V—Y^ AiiUj* aj a p^y 4 '— J j y? y <XiL / = /o *££> jy& ji 

. -L- ' . 5T ^y< jljj^ P <^Ia__ jjlj Op^wj L J*<** J Aiiljj Ajj^>bA j*—< p- i^yJb- .0 > ^jLp _^l^ Ajjlj ji 

. JlAi^yj ijjUlJ aJojLi uS4 Aj C--.~-.~j a 5" ( j^*A a^S" <-$4 ^yjL-p-l i jy ji (_yl*jl_y-i jftb" 






v-JLo |alyyj>l ^Jju 4—> i-SL-obj^ ^liLojJLo _ fvLAft jJ^aS pX A 



cb>n 



V—A 4j^u 4 J L».»»i h <) 

*' • * * kg iS'jb ‘<_r-^ ‘-^—i OriJJ 1 

l5jj j—; jj-j jj osL-i ,J_—sL^yi Y • • mm J —i j G ^j-^r j-^j* 

jl^—5 i_._<?.p 4—> i! JjL«i {j^jj*** j jl B j A (^IaoISIjIji 

o jUaj wit- jl i ^5o-LoL c~f>- ji o * * * rev/min (Of j— Ij j 

To knots (Of j ■- l, ,1 11 ...S 4 ,,^jU>- ' '^i_y i * jljj^ -•' 

(>--^-) otf(-j^Js 4 —j 1 * • m ^U—i 4 _« ji 0 knot=*/ 0 U m/s) 
j—jl (Olf 4 j LI . OS’ \-yyXj \j B j A tJL>«—i 

(1 K*M k ZJJtf* ^ 


— <1 (^UJ^jJI iS^ji OlSLL • l ^> m 

j —*1 jl u —AL A/? c$l < »« I—j «jtA-f 4_i ijj-j jj jjj jl ,_j—iL /?2 j R\ 

•.■Xas^j* <> <-^'b-l jl J-^l .Oil^ 

c^ r ^j>4^Uilj^l ./?2= nr. N j /?,= OA^• N 

4—L-»A —L>-^>- jj—>C 4 0_^>- .-Lle-Li ojb ijLLi iljl 4*—i^J ji Si, 

M jj k .. iff J_J—>>> 4^ lX£ jljji j_pv* 4j 4? ijli ,JjUj 

B jj A/? o^>- t,jil_^Lj .JLiL^ Cw<lj o «—< 4j OS’ jp- 4j ,JjIw> JSo jjjUa* 
A ji UdjliLL (jIaJ^jJI ij'Ss’ 4^*o _p .ijjl lj M <}iJ^ *01 jrt L o-^I <—* Jk> 4j A ji j VL <—$ 4j 

:Ljjji\jiBj 

Ra = R\ ~ A R j Rb — R2 + A R 

t(jl 1 j~^’_2 s Y’ J 1 , ( ^ y"A S' (Of-j —1 L Q,J ^jI^j (Of 

[u = pQ] Q = 25 ^°' 514 ^ = 0.0321 rad/s 

400 

: 4^r*y* j ®- J ^i jy jj ^y’r //G j_p^> J_p- lj V-Y i 4laj| j jj^l 

[M = /Qp] 1.500M = 1000 (0.200) 2 (0.0321 )[■ 

Afl= 449 N 

:L ^1^ UjlSLL ^jV (^LaJ^aJI ^j&s- 

Ra = 5890 - 449 =5440 N j /? B = 3920 + 449 = 4370 N ^,1^ 

j—> 3 j!j cSl—* j®1j J-5 ‘AJOi 4 *jLk jj^l |V* 4S* ^Iaj j? 4S” 4lap-^L» J^-«dl J J^f- J-4»l jl 

<—iJl— 5^4 j (_$jL..m.4 ji o.\ .1 ojlj 01 —mi (jjf (4>o .jjoL^» ^:...tS ' «jl—< 03 IA 

^ Vr - 1 c# 4 jZ-'JjiJ JijZ J^l cr^ *4 jyJJ -^y J^ll (J-^ ci^Jy 

.(yJjl Jais 40 JI) f(y« JjLo NL C.-4—I 4j (jl V—if J (j^b I_jy 4j <£■[*} j oijj A R 




kk : Lsi3^ J 3^ij c£y> V-\ ^ ,jij>u 




(3<i SI U* 9 fA> Art rtJrt 9 a > 9 t CUfA y) (jl /9 ) oyi^ys a,l£j VO jl ifJ&rt* .A/* <^<fl <0 l j^>ff\ 

•>9i i 10 4> 

(J-^(S 9 / M /) // (ji ifC m>! (yj O/Ju* ^->j9 > » Vp**® if yluAi v yj y (fy, yj M gAD c_xfA (j y/ f 'jMJaa ;/ (j*j 

;l if^ja jw ly oUJil (jul /.if Ju>U &Lubl) rt9*u* 0*96* if gi>l 9 .»/•£-> oW d**>l * (jb* t>/ * ^yfjL*! 

■0»/f (J^i- A) (J^f ' M9<-rt^A </»i^(y> &G)$ { Jji/,) |«?tf (j/fftpyj) 6/XfJ>lxu> 


V—^ 4 j^joi aJLLwmo 

L ^i ./* <_gjjlf>- ia—<—jyS JJ -- 3 *i ol&L—I l5J 

Jl—aJl ojL. ^ jl Jly^ ,jJjl jlj^- 4 . al^JLu r ^U-i j m ^ <u 

L J-* J* if J-iL oJ-i i j>-\Jo <JjjA t \&-~jl .1 £ fa£j~e> ^^bMi Olj*f>J j «XAi 

JJ* j* c$b< cT’J-r-^} n (a) 0—1 »_j_JJ aa iXS jl jji jji <-& <tJli 

!•*—jj O-jIj jlJ—I l£j Aj C~ — 1 ^J>yr ( _j*l_ l > 5 ' J l t jl jjJ <L>tiv<s ^1 ( X J y>^A J y>~ y^ 

- J' ^ 1 -! Z J^-j>; I J yjjL^ T i yy (b) j XS 

<j\j-> b - *r J tjA** .ijl—j Y • 0 <4jlj 

__ r-j ^ 


—’'-; c —^-i'^ z Jj 3 " ol^i—-I J^-y; jji j* i£\j> J^j ^ k 'fAi, <^La jji iloc :(a) .J>- 

•k ^-1 Jy. v-r* J^b j' * p J^-jk o-p^ 4 ^ jjijj-O; c 



p (/ o -/)cos0 


/--=/ = 4^J mr 2 + m( 2 r ) 2 j 

* = 7 o = 2 [|] , " r2 + 2 [ f mr2 + / ”( 2r ) 2 J 


: k ^j^ji L 5 ^J*il lS^oU^ 


^ 0 c» k 
^yr 


ij* 0^7 L^Wjlj l^LfclO C’j^i vO y j J COS 0 C(_^>-jS 

n _r_ 56/3 7 

p 32 / 3 - 56/3 3 

3 “ 1—1—1 Pj ip J~&\>- **! * >•■.< ji aJJJbi jLU 0»<5U- 

•■^V jy v u^yr jj* v j* tib' ^ «l£oJ t( jj |yhj .jLiw. 

b j' jri'j^l-—! - T = ^^ r /|v r | :L-; O-—I j—I^ jaj L p = Y n/i rad/s j 0 =Y*° L gl^(b) 


c 



lyJLo |oL->-l ^gliUijJLo _ p * a fl> J-a3 f’Y ♦ 



t — ^ r 0 7 COS0 LZ-lcos 20° =1.611 s ^1*- 
2*/4| / I \7j • ^ 

J^la j c—l 

:L C—it j»\j» V-Y^ ^lajlj jl t y»^T <ijlj J jl J> ^Lai 

tan 0 = — tan 6 = (0.364)=0.637 0=32.5° 

/ 0 32/3 



) .juiib )$&-£■ Z ,?JU /-I J 4L-uijf'G }! ’J/]M f* (Jp (jUjt U jilji /jtt — Iyy /lyiwl (jiff (JjJ // to (S/fl 

.fJJff'ft-US* 1} fJL/fJ C*>lol <! (jO)fi (jlfi If (j>J tMll fA> UmJ f Li*u ll /Iff fj (jfff (j>J <l i uLt (Jil 




tr\ JSL-o Y-^ \ 


o-Lt b V—^V 

Y.Y kg LpIa6^j j C*$bA <.jj*ja j>l*aj\ •*'— w ^ 

4—Jjj b c.»*x3 ja ,JLilj^4 "V* mm 0 js^jtj £bc%i ^ 
o^ab ^ <y*y «Cw»i ^Jai^ JjU */a kg 4 jA 
<Jl—>- ji Z? = \ A• mm ^1 jl 4 -j X Jj—>va J y>- ;C.w/l 

ji WYo rev/min Li O^aLi j jj_J. c—l J:>U; 

jl ’*S jL>- ij b jIjJU .ju5^^4 jIS” io-Ui oLLj c..^>- 



jLJg u-^b 4j>wJ j <zij ^b _^1>- 

J-f j> d:>L ^r j* J* ^Us" ^ •^u 4 


?■***«>• y J~. i; ^1 



Y- 1 A 4 . 1 . m . m .o J^A 


^JjLyyyO 
^LoJJLo JjLmjO 

tj j~j?\ *o ( j-'ji i_^j V -^0 

4—J 4_£ Ij jl jl- Ll Ij ^j—J j^»Jj^J j OSj>" 

<_, a—S’ ^L-^jj L JSLi JjUt* jljji C-c-j«* 

<_r'->j—J—1" ‘»->- i Lr 1 '^ 1 

■-V^ &s~* *J £/7 

Yl jl CCW sj&pLol c-e- j> v 1 -P- 



Y -<\0 <JL—JSLi 


i_SC_*^ ^ijl—w ji U oJ—J m k_JLL»jlj ^y)^>r-L)b V-^l 

JjlL. «S" ^Is- jj £j^ Ji (j-ji Lpj^*' 

«-£-* s ’ P ilj J cS'^.j'j ^ jy.y iys * J^Li 

c ...«.<ja ji Ij j\r?r jy^* ^ -i^i y~iy jl jl ^°y.j* 1.Ji? 

« >Jup ji I j\ t j~^‘ j ijli C o Ij »J_i »ili jLiJ iJ ii\ 

jl I j ^y~ <—>■ «ijli -*Ji —i *^l—J >—* _P» 4 j Jj 4 j j»JIS 

• j^l_p- ^L-^-l 4P 



Y-lf’ < Umh J SL ii 




i—JLo fLt>l y ^ULejJLa _ J-a3 


—i (jljb J^ryjy jyy Y Y • kg jj^j V-Y • Y 
tob jl .t i j 1 >- jl j ei j_j YY * 111111 jj——*<I ^jj 

j £cs\ _.ob ll^ ji YA* • • rev/min op^— l_. i yiy 

*~- *y jj \Y* * km/h » z^£ f j~* b U^ ljljji 

£l*_J <-; (_Sj-ii>- (_g j;- A j}j*y <J £j J .i j*jU * 3 *A *0 j} J 

<J.l <S \j M y-jjZ—*Jyj jjlx —iJ tJuLJ V’A* • km 
ji Lwl J —A 4 _£l>I ; .JL.LJ^ 4 ——'l»«** tiyii^y Ajlj LwljJk 

y ~jb JjA Ij ^^^bpl O7 jbl»- tJbl»J jjib |*jU OxjUO 


fj-^r << ji>> jj-^* J>-i <; ^>=7 V-M 

Lf ii\ jJa— ,_5 jj 1 * • mm ^U-i <» t^jj-u j-—• ijjj o • kg 

j c —.*1 »J—- VjJ 0-0 j j_>*> Jj—»- c«*Ll 

N = IA rev/min c-LS jljs— ^L-i cJLi .k*.j; 
J j\j-? J-* ^ &J-** •-'i'ty* j j J'jj^ <* 2 jj»** 

JeCSj~e ^1 CJLl jjj jl ,X£ Ij ^1 jJa*- 


OjJj ^JjLwwwO 

iLt^l j * j a Ija jj~“jz*~* bu V— Y * Y 

V ^ • -I** i *J? Y70 • kg A y^jy jl »JLi J-£JJ 
cJL-i .XU>-Y* • • • rev/min llp^-. b Ij Y/l• kg 

tl—t*il 0-lJ t—.-k Jp jjb <J jlj^j A 1-11*1 *J L—. > 4P j**Ajv* 

■* .iy^i^yt «JlAt_JL* _J* (jjl—ti* LwlJ_A V_..jp jl J 

l ~ , I.',_ J * Vi/* mm j W* l .—Zy 4 > B j A 0y-^\yj 
ji Y rad/s llp j .* L Jj3“ ^jLwl 

iJjt . ■ (jljjA (a^J* oAaLJL* ■ .*»j jl 2£cs\~* L — ^J- 

I j D j C ,_$L>jljljlj cjl—i ^ •■ i jlj ^L*-* 

j o-*jy ^jj i 1 c$LajjLl 1? jl .-L^ - v 1 ^ 

|i -J VI_; (_$L»j jl lj LLaLL jljl ..I. 'JT iaX>*} 

• wUjLw ( __ r a>JL» I y\ (_5jS" jA )a>- 4lilj J 




Aib j \Sy Jl^ ji U LLP^-* I; ^LwlV—\ • • 

JL» Ji (^L Jk£yr jl ^L< J-A fj-*r .j— ib^ tSb 

/j Jy- 9 ** J y-*~ by —“lyiJ ^bui j ttl tiljT l _ r LLj>- 

jj—ti ji tij—»l^_> bwl^A 4j jl ^J^I^JJA ..Lib^* 

Jl—; j—ij Jai>«A ^ JJ 9 ** J J 9 " O-Li 

,ijli Q (_$!<—Jj!j jlj~* b ^ Jjb~j OS^tlwl_J> 

^ ‘ A oJjjla^j (Jjjb yj y I oip 

fl iJ'jLp ji (jl^J _j3 j-ip jl jj* jl L; xS^ JI^pI B y Ij 
jJ Ljl <S JxS | _ r a>JL» j oijS - ^j-JU Ij Af .JLbw ^ ^ jb»- 


y- ) • r <ib~. jsla 

«ib jL_ij JLj^>- tiLi jjj jj ^jjjj j L**^ V-Y •Y' 

Jj_»- bj—»T jj^-l^j £-U_J. j *}j—> "11 kg (jljb i«JJ 

jl y*lbj£ OJj Jj .J-Jb^ V m y\y Z jljjj JJX*> 

jljji o • • rev/min c-p^—- b jjJjj *S ^jJ r-j' 


Y_».. <LLwJSLJ 




?rr jsi-o y -\^ 





Y-1 • f <JLL~, JSLi, 


6 J .£ 6 ^ 1 ^ j U t j jJJLa^j^- jl L_S\_J ^A V*“) *0 

lSjj j-t j •*j-i -^ * nun jjj—-l^j j j 1 kg 

tJ — fyy J— < O ji (ji j—** cJLi <. AB Lf ii\ cJLi 
O ji o jk *J ^yiil cJLi (a) cJb- ji .C—I #JLi jlj— 
—-I «J—i c«jU iXS - ^ jljja > (*J 15 jy Jy <ibljl *5 

' X jj , Jja- a-Ll V j] £jj Ja—< jj C-iLi (b) cJla- ji 
il—ij j— t^ljla ^j- 3 ? .v: .1 tJ—i <c_Ma 

jLU c-*i j. j> sj+z pj\3 jy Jy p = W • rev/min 

A ji cil—i Ma jjlxJli’ cJl>- j a ja »JLiL »_Li tala 

fj-JT J 1 • J -rr s ’ j-^i~ ^ **J^.j* J 

.j»jL»J Jiauij^9 O ji Jl oUL*i« j cJLi 

fa) iijXj j M\ -\\lt\ N.m '~>\yr 

(b) Q = -/vrr rad/s j M A = r/M N.m 



fa) (6) 


Y-l-6 <11—JSLi 


jl jy Lj |*JLJ ■ J lJ-^ , l I—; JL^j^- jyjj jy* *-il y>\ <jjlj 

J-^-* ‘ M jjUJi’ .OjUJ^yj 6 =\ • deg/s 

j »*y> ( ja* J 1^1 jyjj y <J \j^y AjJj <j tJLi 

Jil—«j ^j—^y »J*l—JL« _j_JL»- jl ijLI juS’ 

1—aL C-f»- ja L ajji i_j y^» aj&pL» '—~y ji ajla 

M = o/r\ kN.m ^jl_^. 

2 cJiyrf 


n 

C 4 PP 



Y-» -r <JLL—JSLi 


JJ- 1 ** iSjj j->. 'r‘j£~'Jjij ^>. ja V-> • i 

Jil—*!• cSlj-» *-£ C—>1 »J-i tala jLU mJLi i_qj a 

•■^Lc—-I ajj—• JJ « ; lfr ^jI^j ja 1 -^i 

lj (j j S^y£ tJja A jyjyt .a j-£^ j\y 

jyjjj J B >Jjy »Xa^ ia^. ^1 J 

ja jljja t_j l y-lS { _ r ii\ y jy** Jy~ \j jl aj <£* 
<y ^j£-*JjiJ <—$y ^Li j ijj'^y 

ja liyJ.'j* tjLiaj VLj jl <Sy <i _-JJ Jjila ja jyjj 

j^ fyr j W' rev/min OP^ li a^S cpL. c -y 

* — ^t“jy Vlo m jl ^L«Ji j A* Mg 

tajjTja jljja <_» * /T*T« rad/s jlj*_t Lj lj B j_j_j y 

lj v_j j 5 ^—-jjj j Ja—- jl L y^-iS' <J Jj j_i t J—i JL_*pl jjbJLS’ 
(b) Lj (a) jl t-£j ^1-^ ji JjL Jjj yt .XJS t— 

J$J^T ^ * <> J. ud p jl lj yj 



i_JL> (oL^>l (_£ Aju L^-oLlj>i j» A&s _ j^lAA ^TT 


..xjS" Ij B j A 



Y -1 -A < 11 — JSJi 


i^Laj-UJjI j *S yJj «JpU L jj_jj V—\ • ^ 

p iS. iaI I > I ,. < ii jj j j—>■ uS"—L* jj-*** Jj- 9- * 





Y -1 •*» JSLi 

vo mm o £l*-i 1 j ^ iy jj ^ * 

cJL-i V* • • rev/min opj—. L_, ^jj 

•^j>* jj>u> Jj>- Xbljl c-*Li .£&^ jljjj *y*“ GG 
*-> Xj-jy* 12 jlij—< .XS - jljjJ jJ Z j_pu J_p- Xl y^y j 
d~sLi jl . JL ? j—- bu Ij Z jj >x ~ a ^y*~ y~ 

»j_J) JL*pl M ^jSL^j yj jjt—JiS j *i£ jXb j-* OG 
.JlJS Ij G <Ua«j jJ jyjj ji »X*Li X~*jj 


v-1. o 4i_. jl (a) cJl—?- ^ fy-~ /I V-1 .-V 

jy->*-* JJ_>- ^Jj Xj 4j JJ~** ( _ J £jb'J> \Sy-tA i-£j X~*jj 

aUji jj ij jjliJL^ tJLtL 12 = Yj rad/s jtj** Ij j*jb 

<;_>- ^LSXuol i_jL*p ji ,a_j j_jl c..— ^ x ,_j-^l cuL-i jl A 

obi I j cS y ,jjl t iyy ijlj 0 ji *ijb 4j Mo jjb.IS” 

?JLaj 


_ - o »l & —~jl l^j ^Ixjl ojL» V—1 *V 

<u (^l<JjJ (jUX* Ja~-jj ^S" <^jj£ ^x-jj jW^T j' *■Xi J-£Xj 

jj_s^a J j_s- «jl—*" ^^-—jjul d>1—*-J* .Xl»X-i 

jl oXjjj£ JJ—50 jA Jj>- ^j.jljijl jl«A j{ljJ Ji A-A^^XA 

<-jT jj^-ljX (jjj-X -XiL^ AA jj j 0 

X rev/min c^U x-e-j—-> l< jj>- ^xa j_p»j> J_>>- Xlji> 
Z c-jL5 J_j->- A-A jj-*** /I -XLj djljjj 

C-Pj—- tJjL«j <-^>7^ Jl Ij j <s*ib 

^Ijb 0 ^ j—?? -i~S i_jL~>- 1 j «1^i-jI jj j 

.xiL^ JjIS 


i// = -"\ rev/min ^j^X. jjjx *->1 ^ 



Y -1 • Y <dX—JSLi 


Jjj X -i « 1 ‘ oib OLD ^j^jj^JI jyj* V-1 *A 
,_Sjl jJ <JL-jJ 4j *S B j A e\5<£j J* (Jjj y J Oly \ • kg 
f J-*T t5ljl J jj-jj* j-*?yj\ —“I °- L - i j^y* ‘X^~A J~oi4 

A i_jj_l> jl <>ol> j ojjj Vo mm Jj^ljij £l*-i j Y/o kg 
o^j I_i j £cs\ .xjL C—j—>■ jj o j—J; & jl L ) B j—j 
^L 5 jj_fto Jj>- jlja o*a~o .sS^ jl jji IVYo rev/min 
.xJi »ab jUj c^r ji LA rev/min c-jU jl^ l jy- 

Xl—j; oX_l ^LajjJ ^1 — > (JIaoJj^ -XS - ^ jljji 




jsl- y-u 


c3 j o jZ j j 3 V— \ ^ \ <LL— J ajj^tA iSy V— ^ Y 

/* *]g») ^Ux* <0 JLiL^* J £ t^y J 

jljjJ jj- 1 ** j' yy~ <_»—*'j*"' t5b' J gl*-* L 

JLaj >jL-* i_?l^la.<»l $yrj <j y~ y ^ •<—~<*l 

.C-^Lj JL*I j>- ^LaI^ *j 0 *j jlj 



Y-nr<li—JSLi, 


'-^i (.JjlJbL Jai»- 
'■^i J j <J J j Jj j fl&* <i <1M-- j^JLj ^i'^i 

U) C_-I «J ■ « ...aj ijl ji 0.1 ZS JjlivI* t_J jSL^Jy J i_£j 

.(JjLJ «jl>- J LAjjlj j^jlj (JJji j-jij <i 

J '3j-> k O^r-'jij ^U-i J m. fj*r 

^^ jj-^ t5j'j—* ^ cSjj^ lS->j y. <jU jliUL ji 

'- ; Jir 4 ^ 1 f>T Ar« •^—' •* L - J ( >- ‘XiL^ 

JL»- jj U ‘" - c-j ■ - L ^y\ j <c_ib <Juatj h ojlJUl <j oil>- 

jjJjj .XiL^ gla— j ^jJ)j* v_~-.i OjX go jij jjJ 

Ij JjLw oj* j* j P 1j 

C#-^ V^r ^ c —’j , ^-4 J r J j ./* J j 

.Cw.1 m ^ j^jj j fyr 

_ mvh 

P — r 1 s^ry yr 

m 0 k 


vf•>»** 
2 ] 



Y-» » • 4lL~. JSLt, 


j r o jlc-LJ —i i m <j iSyy ^jy** Y — ^ ^ 

j j_>- jj>** iJy~ p Jljj lL Jl>- jJ /l 

jlj-i ( _ r -iil gL-* ^jj jl O ^Ij LJ Uj j XiL^ 
<Sjj j—> yb <yj*^ j* ij^y uS’l^ko»l .j jS 

jy «^L_* T j Q c-f>- .ii—<I x-y gko. 

.O^ Ij z jwli jyv> J y ys jljji 

SI = Qk j x =Utrp/(ogh) ^>\y 



V- \) \ <11— 






k—uLe pLj>l 4-j k_SL-oUjO jt ^IiCoJuLo _ i9 PX? 


\ 



Y-» JSLA 


i-SLj J-t.) ^jLi jjX— ,_£l4»«jj —j V—3 3V 


uL^ r« • rev/min ^ Lj Ij (.x^ -jILL 

3 ,0 J-S 4_j^jlj L< l£—jo aS i »jaLL» .xS ^ 

4 S x * « S -t — —JjS l ^y**u Ij T ijjjj *-^*3 



Y-IYY<1L~-JSLl 


Ij JL—j^i t —jjj £j> i^j laJui iota (jULj jJSw V—3 3A 

JaLS (>—4-31) oJL?- .jl .t.i Q~«—j j a— ji 

(-j) cJL- .JLiL^ 3 Y • rev/min Ji*-y 01 Ij 

L> LU —>*A 4 —S' J ^LjL_ l Ij 0^3 1 { ^jSH—jb *—^lj 

L.I ,jl_J_ p- 3 Y • rev/min ^^3^-^ c_*j- 

(^) klJL?- .J—ilj^y* Y«° k_Jj_j JJ_?X* JJ3 l_£_J ^J—S Aj jlj 

jLJb lj 3 Y • rev/min ^1 jjo o*j- L IfSl aj Lpl 
4S 4jj&l«A Ij j f3 i 6 i p jJ ili» kklJU- jA k^lji .Xb 
Jj—>■ (j—»jijl jL— .X x S —L* iXXi ^ j* 

jjl—i> jj_?kt* Jj—>■ ^y—ji>l jL— */3" y\jt k_jjj ^yljk jj 9 ** 

.0-1 jl ^jp 


u —«Xa jj_>— J_p- Lai ja <^1x1ji—l 4i —jj V-) 31 

*—! ‘-*— il i ijyr ,j 33 t^J ^Ijlj jj>^ J\ .xS^j* jljjj j y- 
y j-Sjt» Lj ^ ——jj-L j oSj^- / / r c... —i a>- ^Ijl 

Tc-ila jla! y>- 



j nt ^j—»• 4 j ^l.lS j* t4jLL* jj.u t^«-jj jj V—3 3 0 

^J >• kS”jl3— JJ»v* Jj>- 1-.1 -A J*—A- lSL Cjjj—J 4j r ^LJt 

O-SjA- I — A3 Jj 4__jbl 3 I |» >■ _^l .X : _ A I jl>-J^- Jl>- jj 

cS^j u —*“j j~i kXS jp- aS JxS (j***! OL^ - I j b jIjlL. iXLJ 

.JaX 

b = r k_j| j>- 



Y-3 16 <11— JSLA 


lj —a ja 3T* • rev/min opj_- L ^ 31 ; 4 iU V-3 31 

cjljb jl ^— »xa jj— >«a 4 S jj_t »jaLL» /I . 00 j£,j« k—iLljj 

Ij ja3 (XJ/^jJLSji kJ—SL^ ‘,y- ^j^JO joj k_£j 

.x^ 







i_JLo fLo-l <Uj i_SL-oloi ji ^jltUJJLc _ ( J*o3 fY 



Y-ll'f <li—JSLi, 


*—; <_£_j j—A ij—jjj J*J 13 ji ^ V—\Yt 

4 _&■ y&y» *S\ _j Li jjloJ-i jl *S tn ^ yr 

Oljj—* I; jjlij jy** J y- tJiAi lj >_X^> 

jlj_; \j h /r c-._; (uXJI) .jc^ p = Y« ♦ rev/min 

.j-jiS” l j—~ ; ><j »J—«1L aiXl jJ jl jy** _>* 

h /r <J> j$L>- ,j\j—> lj ^ ^Li* (>_j) 

i^LA^jy^t (g) -J-—^ iC-xil y^yy 

jr = h <S ^y >j y —»• j y}—** 

.jijiUJ iC—I y = u rad/s 
h - r! Y w*!^->- 



\ 

\ 


Y-lPf <J&«, JSLi, 


L; JJ-L^ Jj J^j J^jy «jlj>L. ► V-WO 

y*j* ti'sj'j £-*y -ij' 3 J>y T ijijj 

j —>\y Z j_pv* j JC j_pv* Jj>- j oi_jj (0 = Y7T/T y 

0-"*j j—^ j* ^ y" 4 jl yA sjI^aL. X jyv i ji^Lj 

L< O—*S y J J^S t_£_j ^Ijli ajl_^L^* .C—I 


J_**ly L, -uLX. 4.JI Jj4 jl l£, ya V-\ YY 

.j—iL y 4_jl jy z jy->** C/y- J ^yy) O'-*-* cSL>' J 
LmI y t z jy** dy~ <11 jy 0 = p j k —~ c 'y y. 4 

1^1 j-< c-w 4 j Q tSl*jj!j jlje L 

jj Oil—i ^ ijlj M ( _ y X*>- ^ j a: 

■* _ y ii Lj ‘J_P»'* oLj 0 jl s—»■ *J uiy 

.JzS’ ( _ y * jljji ajlj^, L el j+a 



C-<l>w» J Ttl ^yr <j y^y jJ-U lXjiJ ► V—\ YY 

jl a —P 0lj~a Ij C~»Li iJjj ^Jliljl 

^Ia<_o1 y tSi£ L *j Q = 0 j 0 = 0 C~~*J_y« jJ pJl3 cJL>- 

jtLi« jlSUL «_i_^» jl aJLi JUpI B j A ^Uj y ^^iil 
jl .J 0=71/ Y y jl jyy I j c^Li 

‘L—JiS" jl j jS j lal5W I—» C^sl J- ^ j—>- 

jl U Ij <k _4 m J^S 

.wUlS* J>- jjhat^ 






m JSL- Y-U ^ 


aS* jUL> .wLJilj l 0 j l s^*JjJj ^j (jj\ 
4 —S' j ^ $ +& /? = o <Ji»!j 

a_S J_jki jLLj .c—l /l 2 = I( 0 o pcosY/1 0 jl jj 
P >-£—>■ j-S jj jI ? a (_jljl *j JLwJi jI-UaI Jj>- ol>L»jj 


cSIaa—«Jja .J-iL^ 

0) o ^Ia-jjI j C-C-J-* -a- 


z 

r = Y7T, - 

\ 1(0 o p o 




> 0 pcosy 

t l*j j>*a ^ iSIajjIj j— 
:jl XJjLp ^j 

£2, = cosy sin/3 

£2 V = -«„ siny+ /3 
£2 Z = cosy cos/3 

oMiLw y <-iJ ja jiiLj <_$! j-> I 4 J 0 I jl 01 <S 

jl ,yuLj *■—’j j~° *{ /3 y&O *; V-H c/V^Ua tjjbJL£ 

0-f*j cSl<-<j'j ^j— jjj->*A *$ xzS <>-y .*j> oyn jl*j 
'-J y ja. Lol—a- Ij jUa ji jl jl jl y^j» J C~aI <Jo*-jS jb—J 

(.i^J Jtej^(O o p 



Y-ir^lU—JSLi 


j~* *5 J ^ u . L f 4 £J7 *- J*!- 1 ‘JjLLa aS C—.I Lf ^S\j 
Ij l 5ji-*-* —»■ t5'y»*A <jU jjJja Ij -i^ly^ f US 

£2 Z Z c^l^ijlj '^- e, J r - t = ° <lisJ ji .JJLilj AjLili 

«-» C- - J y J X iJ\A£j>; j »Zy £2„ ^jl y 0 jIjaIa Aj C-—J 

(_$!<-Jjlj C-Pj—-*> ^jJ (_$l_^ .-Ujlll^A j jSLa Jl>- ji 0jl jaIa 
aS Ij A^j j A/y t A^y ^UjjUJL ? t»CLftj j_^Ij CI-jIj ojl jaIa 0 } 

Jl—* aI 1—At^l-Ajja*A Jj i ——jJj A J Ia Jjj JA ia—Ijj ^—jl) 

t#—^lj jl f I ^ j* ^ jijl OUa .J^S ^>0 li j £ 

jX (JIa(^IaC-pj— .XiL;^ / ijLijj>v* Jj?- 

jl —£j jlj _a L_j LjJI ijijj j j* Ia (_yyl jj Z 

£2jt ^ v«> Iaj (^Iacu^j—< jIajjIiJL^ ol j—* * -I 

•Jjjl—w ■«J jlj—A •Sj-ijJ i-^-d C->J—• ^j-la Ij Qj j Q y t 

‘Z--—*1 jjIjj x ^/7 *i t^jjLuiw? :^jU^aIJ) 

J z £j->.T iSJj j-i J Jjl^-i^ J-ajJI o —^ Ij 

.(^j-SUJIj 

M x = -/to Q„ cos(U t v_j| ja- 

My = O 

M z = -/to Q„ sintu t 



Y-»r 6 < 11 —JSLi 

ji ^jJj^JAjjdJ c5l-»j'—Jai i-SJ (jlj^-l ^ V-^Y 1 
^LJlyt>- yi>j-f- j3 jj-jjj jl ji a—S' C—*1 o-Li «ib jLU 
<Jbljl AJIA—S ijb jlj-i csbjlj^ cSjj jcAj y ^U-i 

jj-Jjj jj-?xa jjjljjLL; .JjL«J jljjj y C-.U jvJli jj>vA Jj?- 

/3 a—j jl j JLq—J j jl J_Ia! I_j 4__S JI-z t ybl a>*Jljp jj c—aI j^li 

‘P JJJJJ ^J- ^ ‘ijb-,_yA 

»J-IJ OS’ jyru> J JJ»A J _p- jl ^yjl jU-A 




(-Ja |oL—>1 J-y Oj (_5-aotbi ji ^glitojJLo _ piAA ( Jaa3 


J-ai 0 j3i5 

<L_i Ij j ^SLjlo.'..-..- JajIjj j~* -by jjjjil i^S A*JUa* -by 4—•> ji lj t_JLa ^1~>-I i_SL^Ilo V ( J-^a9 ji 

(_$L_jajB^ <j <jtij* ji *£ ijlj ^j^rj Ol£*l (jjl OjiSt tj_£UauLa OS"L A-alL* _p .xS^* ol>u *—•’.jj*p 

jljj jl jjjl Aj .ij-S A»Lal <^lAjjlj >—<lii j (_£Iaj jl j jO-aj** OPj—- (jjlii? XbU ^lAiOakS oXjL-j 

.ijd -bl; 1_5-Ly Aa (_SL«bji L j-Li aOj* <^1^ Jjknj 

iXyyl A) B ^L?U ji j Ow L».'......- Al A ( _ r l?u ji *S jS ^-. A C - . n—j > Ji <J lj (_gX*j A—> AkJUa* 

.Xi <i>-\ijj 

<; .( +>.ij£ (*r—*■’ £jj*l *i OS j>- r??, _/ lj <_5-b*y a-- iCa Lo* l* 

jl a ]qjb ji j-A tX_i jl_a (A?«x-a jj i—La ^l—>-l cS-aLOw-) 0 <ai ji aS^ ^lAa^A-a OS^p- XjL-A .<Jljial — \ 

.xil^ Ol—5y v-jli-i j op j—< (_$!jb t_-La j*—^ 

J Op^I j-; Jaaljj j -Oaj^jO 0 ^>- j-XI ^lAjjlj Ofrj— jb_y oJb- ^*1 ji .Oytt jj>** J y- Oljji -f 

^J-as ^lo^jLa OS'ji _^kbi» oVjLa* L AjUL* ( j£i jl*j jl *£ -b 1^* C—-Jj V—Y j V— ^ Jajljj jl aLaj (-alii 

0 

U c 5 j^J — 4 v^-J-s^ aS* tJLijI cJl>- .^j! 

^^ ^ <a3 lli ^Oxjup j* j} .JJol^J C-S* y>- OjIj a >%jl& 

.^jL^ j*—M c —-I J~> J^ji p* J f-* iCJU" .CjU AiaSJ jl Jj* -1 

J UjIV-Y J V—^ .JU 1^* C.»^(Jil cjlw tJ-Jj j-j? JlJL* 0-3^ L ^lAjjlj C^Pj—- j\ aS' jL5sj 

.Jj jlAiaAj ^ C-^P 

J 1 ^;—> OP^— .ij-S^ j\j» sjliol ijjA OS^ ^ ^1 o-p- CSy>- Jj-al . ( ^IS’ OS 1 ^ -0 

jljji JL^>- j* ^-=r_/• l$'— A J-P~' ^ ^liil j* ,j\ajj>** >— — >- ^ ( _ f ~J (_jlii 

(_jIaj^>^* «y (■!■■■■■' Ij (-alii j (Opj—< V—"\ 0>Vjl*a .Xi-O yL~a ol»j <j C.....> aSo <^lPjli^j ,_JiO» (Xi —a e^liixl ijj* 
(OViL*a .X-iL^ 0-H j 0— ^ Y O^iUa t(_5l<>vA-a OiTji 0.li Ajlia O^/iUa ^jjl iXjS^^y* jlj jlji 0>- 

4_S (^jlji pZ S-j ji j CyU ^ S-j ji I j ^Laj Olii-O. A^\ j *£ XOA ^\jj V-Vb j V-Va 

.Xo-a X-L* sXS - J*- 0>jii Ji ia^ljj jjjl ..XiS^ Ola Ij X,j£^ Ojj-a l^Jl A. (0-0 ^ojlXl 




9f\ ^ 


jij ‘-^rrr - £ is~j ji b tSj>' J y^y Jj- 9 ' t* 

•—*-^y j j 4 —^ b cS^j (^lA<iJ_^« (^l^jjlj y*y iS^y. (J^. 4 “ - y~ <—’j4^ j j -isWj b (*~*>* 

IaOI-*- 4 *■; <l-»jb ^ -lj-Li jLj V—\Y Jailjj iSWj'j (•■'•“*_)■* i^'-*4 j ib- 4 ^1 <oU«l t Xl OI-JLi sy-j <_$'«i>«jisA 

cS'- A, “r’O' <_$b' *—! 4 —^ ijI'S sj-^rj L-* jy* <_$b—* sy. y»^ c~*»y iSj ,jJj y yy) iS^y ^aL ^ U- j 
0-i* .x^L)^ tjL&jj^ lj I—*j_p^> ok' •* A bs^ 1 _f* i$'-* t r - .rd' j^- 4 j «-*■>- jXa yy) 

a i_»j^^X a/ 1> —< (jUjU* <> yHt 

(*-* J (V->0 aJjLim) p>- J_p- OS'_p- V_—»a- J, Jj\yy (JXj <u- OS’^ t/ l> tSj^' -T 

.iyi> (jl*J OjU *iaA) lXj (Jja- oS ^A- ‘_ — A - ji 

^Ljl lZjVjU^ j ojjS ojL- lj y*y o'Xl*^ lJ LaI i_£Iaj_j>«a j' “i'XX l» .oS^ a- ^Oaj* o^jUa —f 

.j*Ji jjl C—u-lj I j V—Y ^ aJjUa yu 


.-bJjS <*JUx4 ^jSL-jjjJ oSJ <a*Xa ji C^y ^Lj t^U- V—JLa- i^jlS Ji v J^ai y 

OjLJ *_><X/=> l 5L) Olj'>-* 4 —; ^L-a^Xs ji <-_-Lo ^~j>- c£> olji oJU- Ori' ji >t $jl^ 4 4 ^Jl*o jj O-S^ -^ 

J* <j^r 4 '-*i J t/'ji' ^dj-^ (S'ji ^bj (jl' - * ' - ' *■■•-* V-YY” oViU* iOS y oViU* ■&£y OS’^>- 

•ii jfi y tiU o l iJJSl&y jLijvX- 4 jy -« ji <S" ^y«L^>-l j »xS O' jji 

^ f—^ ^ (iJJ^ - Ui l _j 4 (jbj- 5 J i ,ji' ^ 

toJ_uS JjUu JjL-j I OwfU jl #iUol l> >OjI^a y O' J y*-» i yj^ .JcS O'jji jj^ J j 9- 

^*4-^ Jt-y tjy* ('—*^'jA jjj'jA X ' 1 ’ 4 ) (^J- o-^yr'd JJ^JJ *& y*~*J j* J '^d'^ai tST$}J C^J,J oS y 

tS'j-d -- 1 —-L M = H aJsjIj iS^-y y. -^yy tSW'd ‘• s j' i >yrj J 5 •- L - , 'd ( _y 4 ^^y 

jj-a- b cT-^-Jj 3 ^ ^^jA- lSLj Ojli JJS^< <.J*-yy y*y Ojli jy J y |*~~>- aS jj\i±£ o J-k ci - oHa- 

■>j\~-y tS ,4 ijb <y*y j\*y 





«_JLs floa-l (_£Juu <L—> uSL-ebjii J> (^Id-oJaLo _ flfe Jo& ^YY 


J_*j>- Ij C tJ ^ojj>xjt oiLi 4S" Zs 

4-Jli jj jjiN = 0 (^LjL jlj^ L-; <5/4 (JjS' ^ jy~* J y 

, Lf -Js>j J >^ OB <s£J* la>- "^Lf* bU-J J 

4—; .0-1 y jl (^Ij 4 j jlj ^ -LS^ «lJj^ b J»j 

TT 

OPj_- .J —P ~ U/4 • ° A/jlj 4— -olJLii o~b ^Ijl 
-LOS Ij C aJ_bj-j>- flf cS^-jL) v-all— J CJ 

jj 4 S a-L— aib jL— jJSJ— ji 4 Pj»A— OSjA- 4—--11 a) 

1— 4_S jjJL— i_SL_Jj jLa -la—- jJ C Jojyv ajl 

cSj-ib>- aJ_bj-_^>- jjji iiO— I a J—— aib —*J 

.-L-lS^ jl_>«jl Ij ia>- ijl OB j_p«-a _j jdp^ 

aJ_b£-j>- Oil— aj_jlj (lA4_iIJLb ^1— P “daii ^Lol j——* 
.(c—<1D «_5 _jaL»- 

o) = ir/r(i + k) rad/s -il_^ 

ar = -)n)j rad/s 2 



Y-m <n— jsdi 


^ jSL-Jj i_5oJ (^Lfdl jj ji £jlj (^U-u J> v-\r* 

ji aJL— aib jl_JLi Oil— (^IaOjI—— il-Llal ji AB 

.o-l v B = o> mm/sj u A = 'To mm/s <oS>>- jl <jl4A y 

>-SoJ ijyZjA )ao- G>„ jlj Op j— (^Ij/ t^jb^ (^Idajlj 

y B - ) • • mm j yA = ® • mm 4_s ^^kilj—.s jj 


^Ioj3^ JjLau> 

aOl_) opj_- ^Ijb ^.jO&l j^L- V-)YV 

■ -. j-* 4SJU- ji taJLi aib jLb Cfr ji ^vr • rev/min 

.C—/1 4-JLJjlj-* -•>! JiUxa jjlii (^l-Ajj^* 

l -J j 4 i jj/3Lj a^_J j/ /4 4ilAj O Pj— y J X ,_5lA4iJ jA 

_> #J / 4J u opj—< jlai* tJLiL -Y • m/s j ) o m/s 

..lijjl c—-Jj Ij Jj/id cSl-A"^ jJa* 
« = Yo/o m/s j rf = TAX’ mm _pr 

« 

l /1 



Y-lrY <JLi— JSLi, 


L La^/IjA *£ V—)YA 

(_^l4_jjlj jljj—a 1/ o-l ( ji— b“ j/ JI->" j j ) o • km/h opj— 

»LA^-j^- C)ij_£ f jdbv* .0-1 J^-y>; Jb- ji ^J»Li« 

* jI" - 1 - - -I 4—-jL ji f* jl^V-—- L— 0 (j^j^ 431—^1 Jb“ j3 
.-LIS' —jL—>- Jajlj— ^jjl ji I j U^>- flf cjl^j jlj 



aJ_ii^-^>- 4Pj^>«-a cSsj ^Jo ^kia V—) Y4 

a3b jl-- Ji t5 jib- Jo j a-Li^>- lSJ j (_,b^b 

.JLa- - * j JL—L^a O/li D jib— aJji^-^>- . Q—l a JL— 






9fX Jil— 



i 4H; 

Y-irT<10-JSLi 

^i<yL, - kJS ^uj^l. j^j; Afl .joi v-\rr 

■ O ■»! oJ—.i ..* 3 ~*3 fi oJbjxJ J OA jl^i l$“ll J* 

J ,i j-i i$*j-** *—jL_5 jy* 4j JLi* OA 

.JLilj^* ^lSj>- <j juii ( ji jfjljj*- jJ—• o»Ij jIjoI ji tXjxJ 
J OA j »J—i sili d)l .11 O., **iyt ji tJjjii Ot j~m £\ 

(J—11 v B - */o m/s y^ (C_-I s = o• mm*i ^ISL* 

jl .j . 'A <.—*Ur^« Ij AB t5oJ yio* c5l<-ijlj opj—o 

.J^S silOvI B 4j jlji jj* i^^jyv 

0 

<o n = - (li - Yj + ok) rad/s «_>l y 


I 




Y-ir* <li...« JSLi 


l_$ _j—ii>- C—?__)3>- ^jjjl—j jJ <S" O?- (_£lwl_jA v-\r\ 

jyj 4 jyjj Lf—ij^jy.j J** ^ j'y j y ^ 

jl) JjIj O . «Ij <_» 1 » << 2 jy* Jy y*£ <; JjUj >y 
.(•J —1 *ili jLX la >• 1 *S J£i ,jjliax J jlAa* Jb i 
J^Li Jjl—k* jl j^'jj Pt \iP\ J^-y <^y 


.^S j+m 



Y-iri <io-jsis, 


iSjj j—i ^Ililjl (Jill 1 * jl—& i _£—jo jj V-MTY 
jljjj ^—j c~f>- j yjl^j <_$I*j jlj opj*» Ij oili 

jl—X 04_>- ji jvjI— i jy* J y >y <>y *j Oili .S^S 

,J—*p yi j* :X—OjI—5 .syZyt <i jlilj »«Li 

J£—i XlU U iyy y A J$Li Jjlk* Oili 

.B 





|oLxJ>l d^j J) t_gld-oi.vil.rt _ I^IAA J^oS P'TY 



v-tra<ii —jxi 


dll—« jl_lip Jjjlo 1-X—ji tf? v—^twi V— ^r^ 

J—J dJL:—jj «j_j! c. ,«Jj ^L-ii jl .jlv£ lj V-)To 

.JLjLw oi l.fl.l.. K 1 

*_Sl_ li 4 _J ji jOl j A 4 1 v i z*s>y V—MTV 

• JLiS io -Li oili jLL> ji I j V-Aro 



lL ‘ _ 4 Lx_—-o 4_J ^__) ^Slj A 4 Uj', a >_ib_i V—W'A 

.-LVfT is -Li oita jLU O..*. 0 y ji I j V—\Y 0 


fj-JT j> v -*J V-\tt 

lS'j.J oiLi ,jjj r = V mm Jx- ^ta-i jm = */oy kg 

oJ-i jlJ— f j_>- dj ^.Uo^ Ja^-y jf/* je 

ju->- y <j \ • • • • rev/min y. op r li •>> .o—I 

A JaAj 0**3 a 5^ iL aj <jL>- ^yljl J aJUlji 

L# e^J^4i:.-^L^ ^51—» OjC O 


: ^ b'°° ^.jb J*oy* 

<>—*«; LiJi y ji lj oyy ^ij^i-4 TV jji 


r tiLjoioj^ j oij-S’ c 


■ ta a-.J-r“3 


•~L^ >j lj ^Lai 


L^aj ji tjL cSjU jlJ>- ^LJaiAW* y V—NIPl 

J^l <jbj a lij^j 4 jy J>»- 

jl ^Uc--: Or ^Ijl dj (-LiL Jy jij cXJ (^Ijli jy^A 



\ 

v-irf<ii— jsli 


ij>- 0-3Li {£jj j> T £ta»i <; iX>ji v-Aro 

..LiS (1)1 j_ji Zo j*lLJ JJ- 9 ** J_j>- 18 J- 4 VjJ C? ji *S 

jji Ln_j j JL-zUj jjJ_; O-ol—j O-Pj-^> L i_Swji j^l 

O ^y (^1 j4 (^Idkjlj T jtaj ji lj R ^Lfci <0 (^tojjli 

* —S’ X-y-Z cStajj>^« jl .-L^ Jyj ((X-ji 0 } jJLko (^IdJjlj 
o«pj_«. .^Lo>b) • J -r^ oiliL—l Zo jy Jy 

•S$ —l* jj>^* cSW jl j llp j—- Ij jjljj iX-ji jIL* i^ldjjl j 
O-jU L dS - xiL^ Uj_pv» <i c. r ..J t^ldjjlj o»pj-< ((^jtaj») 

L< /? ^l*—i d_; jj-i— • (X-ji jita jl jji j x-y-z jjiJrlojXj 

(.iJ-i^j-4 oOaLLo Y7r/r O S’y 



N = V^m cycles/min 





9f A « 


j \ • • mm _i -o ^y-l yC, jjju. V-U\ 

Y jj—^ j > V*A kg —=r (jljb <_£j jli c-*l>w9 

*£JU- jj ij&- N = r* • rev/min jlj-4 L ^y 
Jk _ Z * 4 —>«jLsO 4_j d ~« — - ~ j Ij (% = Y • ° lL~jLj <j jlj j! jljji 

jlj^-* l —i Z C~ll—J jj_>»»* J j—>- K-frySy* i jl—>*j«-A 

i _£—jj H 0 y*^ .xS - ^ jljjj p = "V* rev/min 

. xxS * i— 1 I—-*> x~y~z t**ji O lx_*> 0 j— >- Ij d *.* A i 

■Xjjl C..*X Ij 7" (^jjjl 

H 0 = »/oo• j + V\v*k kg.m 2 /s y^- 



Y-lfl JSLi 


/3 <_* Lj -1 yl L, .jLya Ij v-u> V-\ir 

JL_>- j3 H • rev/min ^LL oly L t xiL c-ti <i£J 
l$I j-» b >-5'—-i* Ho (jl^—ijlj -X^ J’ - 

<-£—«jj T jyl yj*w*A .XjLj (5 = Y • ° ( _$l<iix>J 

?c~l «-J, 0 <j 7* U .x^ Ij 


z 


15° I 

r i 



Y-ir^ <1^ JSLi, 


Wl ^j—>- 4 j y iXs-Iji^j c&jL <JL* V— \L* 
j Xli>x_Ji t^b <yy? *j y+s> Cjjj*p <l> L Jji» j 

i$I 4-4J*3 ^y l< z j j>«> J y- v _JL .g l5o 01 y& *j 

O J yj>- Ij <-£■ yr~* Ho iil^-djlj .x^y ol jj* 0) 

.Xjjl c—-x IjJl T yy jjjJl j x^ ow** 


_c±> 



0 


Y-if • m:.... jsla 






i_*Li9 |oL_>I ^Jju <Oj i-SL-obji ji ^Id.ojJLa _ J-a9 pfp 



Y-lff <11— JSJj 

*—> Y kg psr d. £J Jjj Ji jl J* V-UO 
oitj ^jj» co-Li jlj-< O C~|U ^NjJ (£jj j* d£ ,^315 oiLi 

d_» lj 0 ji cJL-i j-j ijlj ^>.'.4 > • jjl!.!? W 

,jl_^ N = r* • rev/min c^li ^1 jji c-Pj-. ^Ijl 

.Jj jiai ji « jjli dj IdJi lj UJjj 


JjJ» d-J ,^1—»■ ^jjj-l; V-Ut 

jl ji d_£ o—l o-Li oili jLU Jj-* Ojj~« dj i_jjiJ 

la .«jj j JL-iU^ • A kg i-SL_>- j—t5j^ d—^ J^L_>- OjLj 
Lj Oil—i j^l . Jjle J—Jj J—jl d_» j*-3f lj ^j>- la ^lAdJL* 

Rb j Ra c$Laj t oLJ jljji U • • rev/min OjU opj- 

j_lLi j^» d iil>- <_jUj jJ jl . -US’ d—.l»»d I j U jliUL jj ijlj 

.JOS’ 

W = |«e|--"»N v'j<r 





^jljli ‘(^IdjjljJI jjlj dJL* ji jl jA V—^ £1 

.ijli jl j— » X-y ,^-djl d >vi-jU ol jljj* <1 J CmJ|I 1 /Y kg ^ j>- 

l > Z JJ>4* tj jp- d£ JjloJ_i tili ^4jlj 03Lt dj lAdJLa 

.j_jljji A/ = U* * rev/min o^U ^1 jji oPj— 

.juiS” <_jLp I j\ O djL ji ojLi jj ijlj M ( _yJ1..4i»- jjbJli' 


Y-lf6<U—Jii 


lj O ji ojI— i j_» «ijlj A/ ^ ■-i 4 >• jjliO? V— I £A 
d£ JOS’ uLj- J 1 * V — ^ d.Lt.. 4 ^yljji dpj4^4 <_$ljJ 

^jj_j» Y* • rad/s 2 (^Idjjlj «_jLi L oJl>- jl dpj*^* 

.JjUj jljji dj 









(jjt> )\y& u<)LiLa oLSjjaJ oq)oj> p o3 ^-a(nvi>' .Owl OiaUji nlw) < 04 ^ jl ^5 j (ju(o3)l 

)_j<pai .±uib(y6 u>A -6 (jin q 15)jj )luu cjUftUb 4lT tuoAiwa o3 j<»j i$A jl l) £pL5>A iiil(p ^6 
)» .OlwI oJ&> 5 )l>_5 (ju(_a3)l olijUjT oa.3 tsUOya^ jl &*(alu>l b a5 ') pUl Atpl 

.i>5 tsjlw auu> JitA^jl i) 6i(a tSlv? hjl>w o'^b- 4 fr*t.5wjUjT oaIa 










AjoJlLo A—^ 


jl —-y Jb- y *S J^S^ jtI lSWj'j j (J**- ^y~ *i £r'j es^bjj J^b-* j' ur 4 ^ J p-fr* * c ~° 

J_j! ^\ y *S ^Ia JIIa .JLLAJ^y* jUb J^jJI y£*- toXjb ji jt (^Laj jji Ji\ ji *x£ jU*jI OlSL^>u JjUa ji b j -O-A 

L <OjjjAlI c^j t^JjJj <> o— .»j ojL- l£j :jl Xj jbp jljj^ JjL—a jl «oo 

j jL» jj ^_}| jj JLiSl J <>jJa>- Ji'te OS 'y L ^L*;^ tl JL^y> <L-j cSb «xi (JOS' ^IajU ^bj 
<c -IS - ^LajjI OJL-i jl XL o^l y jl (^jL —j ji ^l—jl JaI_jp j-j j “U3j iljA Oj jjX«*a (JJj *j .LwIjA i_$LaJL 

<-£j yy jj\ iw4 <J *_Jpl .i^Jl ^^*a L ^iyi JX« <-£j Xb _^aj ijjA pO . ; , .< t^X^A <Li —a J-Uw ji 

ia—<lj (jjlojui »2y~S U<a3 ji Ojj O jy0 Aj jli lj>"l J ^y «P ^) {l 4 ~~ u y^ (*»■ —j -- 1 

.ib jLJU (jjjb jl^S jSj^O J lj>«A Ojj-A> Aj y* *ljA-l J »jf ji <S) jfy+~* tfljl- 3 k 4 - ' ~~'~f J-L* ‘-^i 

j^jyy. <3j~~y. fj*r j' Iao*—S yL* L <—jUa ji *^y, (*x~—< jl ^Ia^^aw “b* 4 l^^-a l ^" u Jt^7 8 jiy. 

j OiL-i y~y?, O-LU Jj—j_laJ ji ^ < -^i (^j j*i JX* ji tAt* .X-iL 

jl^o jl <•£—-I *j\jy <> (J-^ 4 iS^- i J J Osi- 5 -^ ■*■! J^ 1 * 4 Iai_^— jjjl jl ( _ J So aS^ jl ^Ljiilji *j (_5Iai_S^— jj 

.C -I j^-lj <; J- 43 - 4 ^b—’r' b <UmjLL» ji LKp La ji ^y>- *S ^ <Uap-t)b» ji JlU jljlP <j 

oS aj>- jyZ ^ i c5j ^jJs j& oLibJjl “At* .i jL- «^Lj i jS^o* Jx» o jj~o *j jljj^^y^j I j jO-*— ^a 

j-i' oJ cSbk^*ljb L ^ibijl J^bL« J^L— *yr ^ Cjjy* jl ^JJ j' ^j ^ j' cri 

jlj-j^ <S jv-jLO^ ^1-« <i lj iy>- <Ls»u j jbc-T £j»^+ ^yr lSIa^ O w. L Ij 

ij\j-> -2 j i <oi^ cfjljl *—*r.j - 3 <-£—i jO~>— ^La^. Oj^ jjO 4 - <» ^ Ju^> y y *\jL i_SL L I j Lf)l oS^>- 

.LoS a <u>-l ja ^jjLjjLS^ 4j L LOi L L ^iljl t5LAjO~^ j^< j ^LajO— 1 “O*j y- ~i ^liaA 

.C>.«»l ji l hj*^9 j! j* aS* 

A—r >« j J—^t/ 4 ^Ijl oA-Y .Cma»I oJ-i <; A J-*a* ©XU^L 

,jjIdJ_J. ^—«; I^D j l^^- 4 OS'4,_^>u jjj 44 ji j^l jl tSj y» .xS^ Ij #ji ,^jL>-l ^iUJjl 

LT^b^J 1 Jjb-A Js- ji iJjy\ A-0 Ji jLL y j jO 8 ^ jly >^v ^J^ 4 'j fb-A-l ^ibJjl A-L { J^XJ 

■^ls* Jj~ 



5 JjUjjl- J-a9 


cojj^j .JjJLi ^^JsK "l J Y" (^UJ.,^< ji 4^ -w~~A t-^ T - j xi J_j*^l jl ^*ilj 0>Lil*j jl v—* j-L« 

fjj-SjiSj olj-*-*> 4 j iO—*-/ yui* ^/yj jjb <j 4S"^fjbxjU- (jljj j*—J-b jljl -u^y 

i_$L_j 4^ c5y 4bl*j« yjl jl .C*J-Lj J1aI_P“ Ij £*&J>- 4b l** bLjj <-AU«*A j*S^b- 4l t— >« y 4^ k_~--b« <_yJj«bo 

4 _J c £y J j->- Lj Ij—ty lOS - y ^ylSy J*** jl ijaj Sjy Olc-'iUal 4^IS* jl_jj,y» cC—'I ^»J.i 4-j ^0 ^yb—Jy^ 4jiU-« 

.Jjjl C—-L jbj jl yl' Oj_^> 


olj«i jl A—V 


4_Jj^^_A y>Li i il_;P jJ 4__S' 4JL^L>- OS’y- 4j ci y^y £jb- *—Jb- jl yi *-i J' * 3 * 4 j*-~ 5 T *-^i ^ ,_yl^-A 

>-&£:—• Lj J oO^jbjLj (jl—^jy ‘yilj ^'j' ybJjl ./> .P -fyi/* J, jl cT’^J c£->y 

Lj j ^^Lil Sb <^lS3a*i»l y\ jj Jjljll« oXjS i-Sl l g. '— J jb <>b£y •&£ 4j JjLj 4^ A) jb J_yj (_$IoXA£ 

t^l—*Jy j^ jJ 4^ C~-l eJ-i 4liy ^lai j3 JloJOl CJb- jl (a) ,_y>«J jJ .Jjy£y ibwl JL*- t-?b3a*4>l 

4-S - 4S4jf j\ji L->*J Jjy yJb- (b) t/bL j3 .3^ JkJ y» LgjT jl jl yy *S -Ul~~A LiJj-jS' ^lojl-^1 4j 0 J^S - 

.Jbl uLs" 4 j -AjLj j eijj 4 ?-jj JjU 



A-1 JSLi 


Ij^woli «)ljl jjlibtj'jl ^gljj £*Sy> aJ^Iao 

4_?-y .^^S' Lf< . jli-T A-^aJ5Li t5lSJa^»l jjA, ^y>r oiL- ^1 ^Ij^jI jyi £ ji !■> lj L->«j 

Lj iljl C***ijlj^* oLa j^l Ijyt J} *£ C**-l Jjbu C-* » ..bj jl ^«^>- ^Lub- <_S^*j» JC _ ;; <Lj> 4^ A**iL 4ijb 

<> c***L lj yi J5Li c~p- F s ^jj J jbj-J A-^b J5Li jJ lj yi y^> ^.bybr 

j tJ. ' , : .....a -UjLo Lai^jlS^ jl l jLl*j j 3 ^y j Cb«-^ yS- ,_$Ia yi ^^ •“'-* J ( y Jl-L i_iL>w» ^Layi jl 

ijlj 4_J -kx t oJLb *ui™a ^Uyj c^boyi JaP ^Uyi 4 j lj i_p- 4^-y b 

jjl <J ji AjL L j o--l i_*>- c*<-*- 4 j yi ^$jyj ‘■ s j-- ( y o--lj c*<-*- 4 j 4^ ^l^ia y^j .x^S^ 

jib*-" ‘(*j—=r <> yi jl Jjlj F=-fo j jl L ^x~Z£ tj\y ^yr Oj-^ yi c5^l j> y Jjlj F s y 




olji .sljl jl A-Y 


fji jjjli <£jS *— — «-*; eJ-i ejta jLlj .alj! y (_ $jj jl A-^a JSLi C-Sy>- aJ;>L*j4 

^ J- 91 *- ji'j SF X = mx Cjjj~o 
- kx = mx L mx + kx = 0 (A—\) 

r*~ a_j *-S ij i^lAJil** O jy^> Aj Alij£ jl j» L f^* m oJlita^jL (£jjz> C->*J aS - jL«jj 


-I 01, 




JL- Jc*l ^ <o j d—il JA ejL* lJCJjLa 

■i**~ , y jij O jj~° aj SIjmji* A-\ 


x + <y,,x = 0 


(A-Y) 


:jl ji £ 



(A-r) 


•OJ eata jjh <i lj*» d)l i^ijz* 0~*-*t aS <•!—»l <3 j* 

Ij^jolJ ^IjT (jiiLu'jl Js» 

(*— i'J >■ #b Jl^ b OS_p- <-£j jUi^l J;—J^- jl *S ^Ujl jl 

:c—I jj j OjjoA> Aj ^ila^ i_jl>ilil ji ,j£ AjIjI jUj Aj C--—j ^jbj ^lj l_$L Cjj^o Aj \j x aS" 

x = A cosoy + B sinoy (A-1) 

:Ojj^9 aj L _> 

x = C sin(fiy + v f) (A- o) 

AJilfc* <j\jj ij j£*a «_jI j?r if\y ^jjl jl ^j* *y^tj* Ojli A-Y aJjUa ji ol jLe- (JjIJl^jU- L 

HI X 0 aJ jl OP^-I jXo aJjI ^.UuU- Aj JlojjjA Olp^UsI jl e^Ul>vl Llf/jCtBiA (_£lfcC«jlj .0^1 C-SJ>- 

‘(*C AJ jl jA tySijj I *JJ* 1 = 0 jL*j jl \j X J X I A-i Abu* Ji oX«i aJI jl el J ji Js I .JC 

x 0 = A J x 0 = Bd) n 

A^wJ A-i aJ^Ijm ji B jA jjili* (^jIJ^jU- Li 

x = x 0 cos (o.t + —sin coj (A-“\) 

Q)„ 

*—>*JL> .}jj\ O— m Jj 10 j—i eita A_Jjl Jajl J. . t s_.,....^-^» AjLO ^Jj Aj (jljj^y* lj A—0 aJjU^ jl l// J C (_jIaCU)Ij 

:0«l jjrA?" ^ = 0 ji jUj aj c>—-J jl Jjl j A—0 aI^I** ^lijjl 
xo=C smy/ j x 0 =Cg>„cosva 


¥ j C <j\jt oi£ Jj>- !j 




s J«as ?&Y 


C = -Jxl+(x 0 /o)„) 2 v = tan 1 ( x 0 a) n /x a ) 

A—0 jjOli® ^jjl L 

x = ^x% + (x 0 /a) n ) 2 sin \o n t + tan (x 0 (O n /x 0 )] (A-V) 

i]a>-'^A ,x£ y* y»j*j> jL»j <j A T ... i lj OS’ j>- i_Svj ^\ji Ij OjLil* aIsu! j ji A—V j A—*\ oV^Ia* 

.c^\w = tan~'(A/B) _,C = Va 2 +fl 2 aS 

£*S j> y 

.j—C J^t> aj jIjj jli^ j_p^> ^ jij-^ x oLij Ij oS",_P jLS A-Y JSLi 

0^1 j oil Jp-lj j ^ y^y oS' t ^ 0),, = ^kjm OjU op j— L jta^ 

ob yy> y —=- y j *y^^y fn =(O n IYn yuJ* <oL*j x>-\j y J-»IS (jUjjj ilo»J <> .oiL^ aJU 

«ol_i c—S j>~ Jjijj (gry j' oljji »-£>) OS'^ J^IS jj* kS^j (j^ji cX»j Xyy ^ (Hz) = AjLSi ^ jja ^) 

.jJy Ov-Jb T= V/„ =Y^/Cm, Jajljj jl j oJLi 



A-r JSO 


«jlO_;l .0—-I ^1 y p-515 jy** (Jjj y p* y *y+* ^y J* yj^ '(J**?* ^ ^ ^‘.y iSJJ o' 

I_i C j B i A .JlOL^ <s~Sy>- <o/j o.<jI B j A ®o'*^' ^ C j oj^j B j A IajI^^j 

.o—^l y/ = tan 1 (A/S) j C = Va 2 + fl 2 c^_j ie ju j *A*s aS j_ p .jxS ^ oljji o^i o^li op 


£y>ys> (5^u OwJti^jo 


^•° ti/ cpL 0^->- jJ A—\a iOO^* .ijli y~y OlSL tOlji ^*P iljl ^iL*jjl Sjy> ji 

j jw LiL^* i^Jld ^IjluI aS j>" <lS j>- ^1>«j Jj 1^* d.A—T* |tiw 4 ^oJLjlp** 

ja-ju J **«.*■>«>» ol4^15" CO C-&J>» 4 J 2 U -0 t^-JsS' ^— Aj jAJ J^Uj C.««»*)jl Ojj-rfp 4o Ij x 









olji >\j\ JteJi A-Y 



mg 


A-r JSLi, 


tC.^ — <1 j i■ ■& j «...p aS’ jls 5a j z^ 3 jljj* jl J^b-> >—•««tJU- 

j_^Li t A-Y ji |i ——>■ iljl a-*-—aj *^rjj b A*~jL>tJ 

lj yj Akjlj 

-k (5 S , + *) + mg = m x 

:*£ Aj lijjli yua Jjb LfcjjJ £y+s>xA I X= 0 Jib<J C~*i JA Ji 

-k&t + mg = 0 

A_bl~. <-£jJ* j} mg j -k&t , 5 j j -.J _jj aS' cA^-i jj 

:C~ib aIj^- _j oj^ i_sJb>- lj iZ-Sy- 


mx+kx-0 

jjjS - '—i-tj* 3 b aS’ C~J jl .> •yi‘ l y 4-Lj»^i Uwl y aS’ ^J^ia .C—jI jL~£b A-^ Abbw L aS" 

^ c5jl—~j> (_$l—*Jjj jl p*j\y,y ‘jb JSbi j~*J jLo C~ySjA ^Lsj- Aj JjU; c 


. jlil9j~<» (Jil*J 



( 6 ) 

A-f JSLS, 


Ij^JO .iljl 4j*ilxj j\ C*fjJ> oVt^lxo 

a-S" C—-Ijb lj i5153a-»l jl ^Iajx-jj b ^yb jji> aj L# £JlSb» |»X—--j y* 

(j-jii (_£L_aJ_U .iyi^y y)y~>%A \£jj >I »XXS i_j y2A jl yf* Aj L^l^la.jgl ^jjl 
_ r -^ ( jil*Jjl .Jjlo-L^WJ Slj**A ijTlSja^al (^UjjJ jl ,_£jyl (-j*AJl ( _yJ>ljj 

jj b~ .J A —> |j aS C—»l ^IaJL-jJ (jj5L-jj) oJCJ^ b 

(_^ljb a L n i j j-^l -Sj •• > ( y A_sbbl aj oLil*Jjl jl L j jj ^ 

y- jl ji ^ j *‘~ 4 J > - -- j ' y Jb—< <£> Ij a? C — ~j! ^IajI jLa I 


Aj j_^~J <~»jb jl JL-< JJ-C- ,_$I^J ^Uol^ J £l,_$!jb aS” xS’^ 

jj_i» a —, A—ta ji a_S^ ^loil—xi j-j^^jil—* j jl .xJjli^ jl j^ji >_jjis 

ijlj ^jIa _jj? a — j A- Lb I j Frf ^jj;—j toJU ojb jLiJ i_SJlU-i 

a_j c v_-—-b; c~<L .c—-I 'j.—->L x» m ^y~ b jy ^1 ojlxl a S JxSy 

•J—iib^y* lb-sec/ft I—j N.s/m jl x?-lj j y> ^jI^a < _ > 

'-?&->■ y ijlj m ^ j_j- a—, Af oXj5 ,_ 5 j^ o~f>- 

^ y}y. f/r y ^j’j 6jji> jj Oi’ j' J • c ~^' * 

ij**—"* (_j—jbjjj>- jl *S ajL j—i uSJ o-U^-j ,_$Ia^^^UJjI 

jl—>* jI I j ,_yjl—is* L5~*Af:-l <wjI j~a i jlJLs j ( jJLXS^ ^l^jk jj Jill yy* 
lj Sy-2- L» .X_ilj ^Ja>- jjP- oUa>wX4 ,^1 jb XJl yyt j JxS 

.pXS^y* 1jJj>xa o^Lj ip- J$^Ja Ujjl Aj iaii 


“Jjbuf J-i>u J Aj^jJ jO iL^ .Joliu Jl> y jjSljt-jl jUj^J AU> jl l*j^J 


‘L»b> jX ^U|» : ....->, jj> 






3 J-aS 


jjili jl .A y^y yy A-ia J5ki iljl <U->-y y)j jl O—il J-ai« (^IdX^ - Aj 4$ ^y — >■ OS’y Abl<w 

yyr> (J* 

-kx-cx-mx L mx + cx + kx = 0 (A-A) 

a i |j LaOjIj jl l _f-y £y i ^ 0—11 (. ilin tXJj JL*Iy- ^jJk* IX*j *& Aj (G)„ = ^k/m jU>- y oj’Ap 

(-iyu yj ^JJ~0 

C =c/{2m(t)„) 

-bL U_t .C—l I OXi <^ly i£j\y* J »*y, fy- y* y^jy ^jy *i Oj j) C C.yS 

■ >—. £y yj Oj y *0 Aj Ij A— A aJ 3Lx-i (jl y ^y (jySl . O— il A*j (j_J-Aj C ^ A«l5 T OjIj 


x + 2£y M i + <y 2 .x-0 


(A-<\) 


lyU> liljT jjAlbu jl 

.JLiU yj Cjjy& Aj (—jly 4$ y ,yi>y * A—^ aJaUj* (O^y- a)aUj» (^ly 

^ = a/' 

:C—ib j*-aI y- A—^ aJaUj* y 0^^ jy j&L* ^ 

A 2 + 2 £co„ A + <y 2 = 0 

:jl JCJjLc- (jl (^UaOjj .C—i! <_*Jy» A^aaOU 4j 4$ 

A.-o^-f + V^M) ^ -,/^T) 

(_SLj y ^ly* ( wr jl »jl <yyC- Jo- aS" .Xi-A jlfl ( yy C~yl>- i$ljb 

'■*yy (jr^ yy-^ Ja- tylyk -Jjy 0--0 A-a^_l« aJaUi* ^UaOjj jl 

x = A, e"* 1 '-*-A 2 e* 3 ' 


(A- \ •) 


I ywo CuS" y>- ij^JJu AA 4 J 0 

A —1 l$_ll yl—il j—> .J—iL j — tu& U j yi* tO-i* Jjlyy (C ~ ^ ) Jl^i^lj yj O' jLp ; 0 ^ C, $ 00 Oy^ 

Ali^ ^k> ji IO^y (^ly yj ^.XjAjLk 

(X il jl A— ^ • aJaIjco aS - y>- .xJiLy (_#*"• ji^*^ 4 fjf L y > ~ *~~u ja A2 j A| :(/y/y) ^>^ (I 

j J — L A I _ J iljLj ^jL_ijj A_j^^>«*Jb ..1 ‘^(_y* (Jy y®^ 3 0-. o . » i Aj JC( ? (jkj (_?jy y^lxi (_$ljl Aj A^ Jjlj^y 

.Jj.L(_^J Ajiy (^Ijb OS'y- y.lyk 

a_)aU» k_jlj^>- j (Ai= A2 = - ( 0 ,,) JoJiLy jL—^ ^yiya- aOjj jj A2 j Ai :( L y/r > V ^jy) C= ' (II 

:C—il (X o a jl—5Li IaaOjj a^ oJL>- (^ly jJ-—-ilyio 




oi^ijTja*,! A-r^ 


* = (A, + A 2 t)e ,0 "‘ 

*-^-i t_r- a ‘^ 4 —i JJ '■j^ 3 aj jc jjjS" J— yl jj OS'_p- tjUj S jjj ^jIco ^Ijl aj jt 

^ JJ jr*-i.j~* U*’j* (♦'“T" ^ (j^ y> t) aJjI l j I *5 j;jj^> jj 4^1^ ^1 jj> 

djJ-i x 0 a_JjI ^yLjjyU- a_j o.—; Ij pO.-— <_£j j I j ~*\y j*o~— iSj L A -0 J5Li .x- Jt y» JjU: j 

-Uo^ jLiJ (i: 0 = 0) i: 0 aJjI o*j- 



4_k;lj ^joJj L .0—1 ( _ y i^ cJU- jjI ji (C~^) yj OjLe- aS - xJit -eJib o-_y :(/,— j^j £<\ (HI 

— ty^j* jij ddjj ~0 aj Ij A-^ • aLjIj e <n+6) = e" e* 

j J •(* —^ 0iV» “ C 2 Ij Q)<i j-_»i« aS - o—I l— Uol jj .o—l i = V—T jl jj aS - 

jc = {a, e" 0 ''' + A 2 e”' 0> " < }e" f 

: 0 -iyi jij o aj 01 Ij ^ aJjU* e ±w = cosx ± i sin* jLjl JyJ j/jlSj L 
j: = {A, (cos a) d t + i sin m d t) + A 2 (cos Q) d t-i sin a> d t)}e " c 
= {(A[ + A 2 )cosa) d t + /(a, - A 2 )sinoj rf f}e~ f< “"' 

= {A 3 cos (o d t + A 4 sin w (/ /}e ~ c (A-> \) 

1 —^j 3 " J j ^J— 4 —^ |*jlojb jL— A— 0 j A— i o'bbl** L .x—L^yi A 4 = i(Ai ~ A 2 ) j A 3= (A] + A 2 ) jl jj aS" 
t-L—L^ya jLj A—jlj ^Ijb a_S” ^LtL— ^LJ i_Sj L jlyl^ Ij *x«I A-^ \ aJjU* jS’I jj aS" A>jl jA aj ^^SjjyajU 
:0-i_p jjj Ojy-» aj jly,^ Ij A—^ \ aJjL>w Aj>oi jj .j jO 
jc = {Csin(to rf / + 1 ^)}e' f 

:L 

x = Ct~^ m "‘ sin(a) d t + y/) (A-NT) 



jOiIj 3 jl _ (OO* J~aS 


ivij-i: m = 1 kg, k = 36 N/m 
c = 1 N-s/m (f = 0.0833) 
Ce -f“V *° = 30 mm > *> = 0 


jjaliu <_$ljl aj oala jUL) A—^ js *£ 

j4j aS^ C -1 ^S—j- 4 jIa ^l! t-£j *—9 j*-» A— ^ T AJal*j« i^ys<9l>- 

: ) _ r JlS' 7 i aj 

<y rf =o>«V 1 -^ 2 

4 lajlj l_j > /^«—* J J~iji . J /^A—^ ^— * m * . ^ 

.ajlo r rf = In/o),, = 2tt/< y„ ^/l-£ 2 
\ff j C (_gL aOjIj a^ ^yljLe- ^ O—la *^ry aiS1> ^j! Aj JjL 

(_$ltX«l C — j-L< (a) jji->«-; ja Ij-a oJL>- ja aJ_jI >—■ — >■ 

\ff j C o*J* IjLj <_$! .jo—J (b) ja aS^ I j? oJl>- 

c »Jb jUj aj o~j Jjl J^ .. — ja> j A—^ ^■ 5 ^*- a _p c£l y i_^ j *^}j o— Ij^ tl_^» oJL>- ja 



A-f JSLi 


- ^ t/*J A J -*o ty-Wv^- ^ v? 


J aS - ala jl^S jjl >jy t= 0 ja lj aJ^Ij jay» j ajjl 
.ajJ-^y eala j\J 


jjHulojl Jajuay ^I^ajo 

<-* 0—1 Jjl jl JJa .a^i j-jaj" ^.Ujl j* jk jl £ «y.'^ ^-t- 4 W*J^ (-— r - ^ iS'y ^ c —' V’-A* 
jla _j—*j A—V ^jX—i juJI*j> j «J— y**j aJj! JsjI j— ja ^ 0 . —- » O —y ^ ( _y->’ ja aj c —j j ^1^— —j j-j» jlJi« 

0~— j ^ 0'-^' -^2 j *i ,^'j 14 ••AJty* C—o t OUj <-—>■ y ^ 

C«VJ 


Ce -< 



C , e -f' B - (, l +T A ) ' 

.a ' —A; yj yj Ojj-js aj 5 ^^LaIS" O 

2n 2 < 


5 =lnf—1 = 

, x 2 y 


= C<y„" 


.ajjl C—O lj C Oly,_y -Jibw (ijj jl 

8 


V(2k) 2 +<5 ! 

aA>uj 5«^ j JCj = JC2 i^}jy 1 (^Ijl Aj 

jjl_«J a^ JU— L i^jay ^j-I^j Aj jjJLiI ^2 J .0—1 £ = 8/^71 *S 

*-i lj (iy J L; { J^e- jJ> ^Ujl y_)e> jl l^I 

tJ—jIa jlj-* j^—i“^; jl (J^a*'’ ^ aLj»Is aj aS^ y\*j jJjLS a— la ja 

.ij ^*>U>I _j J— 




olji ^Ijl jjiLujI A-Y 


A~) 4jLLygjQ 



i-XzS^ jj—ff- Jil*j O- 


■«l .— J j 11^ -0 j^jL> 


JiL*; c 


: 0=~ 

(f n ) cycles/s j («„) rad/s v_ 

—? * ■' * >_) jl •* 4-^ jL-'* j jl 


■>- i y>\S^J» t t = o <di>J 

4j ‘/o m/s jl c~c 
(a) 


4 ,/^-VI JfO ^ ( 

y S* 0>) 

f~>T ijsjj (C) 

zjjj —*a> -o x l>- (d) 


f_rT Unax C-Pj— (e) 

fiinax '—'Iw j£\Xs>- (f) 


mg = *<5 S , 


ipjjta J^Uj c.. : * .- J> j fjljj F s =kx j'J <5aj I j jl :(a) tjp- 

* " 2500 


4 t= ^ = i^) =0 .0392 m L 39.2 mm 


t, = |A= I 2500 =i5 < 
°" \m V 10 

/, = ( 15 - 81 (^] =2 " 


81 rad/s 
.52 cycles/s 


r = — = —= 0.397 s 
f„ 2.52 


x = x 0 cosq) „t +—sin (u,.t 

Q) n 

= (O)cos 15.81/ + -^-sin 15.81/ 
15.81 

= 0.0316 sinl5.81f 


<y[yr (b) 

^yr 

y\yr (c) 

: A-1 JjU* jl (d) 


C~~< Jj A-V <!iUy» jl I j x jljiP <i 

x = 4 x o + ( x o/ a) n f sin [(o„t + tan _1 (x 0 w„ /x 0 )] 

= 0.0316sinl5.81r 

jl JZZ^i j~.~£ jy>- ,X = \0/A\ 3) COS^ 0/A\t = •/OCOS^ 0/A\t l> 0^1 ^jl ji ■Z~£- J ~> (e) 

^yr- .c—l <u)jl C-p^ ^ t oJb~ ^1 j> *S >>/o m/s ^1 ^ tw c-p^ ^Ijl>- o y-\ jl yS L j 1 





x= -15.81(0.5)sinl5.81/ = - 7.91sinl5.81/ 


:L y^j 3 . k _ J lw (f) 


V/<U m/s 2 y\y flrrax »—'lw 


JuJbO olio 


9 &k>b 9 ;9> •A’Ay 9 A* A cy"^’ isbthh fJ^Uu <u .luLUx/ ,) ./AjU <aAi /> (j>bj <u / i_U ^ O 

./jyUlfjA cULaubUl y) yfCi yfb 4j ^Qpwyi (jAb ,f g?) yjLu 

b yjbU y) (jt c^jlp-a y c^Jy <U)Lxa -bbJyl (JjlZuil (J)Lv 4 j I, <slbl> /bb M 0 

.Juilll^y (jLuJj {j&l (jblsVyl (jlyl) yiifcca 


A — T Aj^OJ AJULmmO 



c~*J>j c _-I j c ~«—j a_j */Y m ojlJLJl -o A kg ^ -u 

.i y-Ay* I—0OJU- j\t=o A—lasJ j aJ_i eib O S y>- Jibu 
C jj£_wj ^1 .SbS ijz+AJ t = y S <di>J I_> i*—J>- ^jAs* yU- 

H N/m y \y yi J Y • N.s/m ^ 


CJC = 20x - 
kx = 32* — 


^1 <icJb- ^IJi - (^Ijb ^a-O w ^ 1*^ yz* 3 JjL :Jj>- 

lj £ (^l^-* < 0 —J ijj-kb. a_> .oil^ \y*\ji L j <J\y>y 


0 )„ = yjk/m = ^32/8 = 2 rad/s 


£ = —— = -7^—= 0.625 
2mo)„ 2(8X2) 


:l» Owl _^»l y I jy l y‘^ t > \jyyy —w tOwl £ 

o ~-jo o-i>»JA-> Y iSLoS Aj ,( 0 j = o) n = 2^/l — (0.625) — 1.561 rad/s 

jc = Ce" c<B "' sin(co rf r + ^)=Ce" 1 - 25 ' sin(l.561/+ ^) 

:L Owl y\j, V 


- ^1 


i; = -1.25Ce ,25 ' sin(l.561/ + ^)+1.561Ce 125 ' cos(l.561/ + i(f) 


j'y 5 ^ 


o Ali>J I 


j a b *> 


'JJ 1 


UuU- 


xq = Csini//= 0.2 i: 0 =-1.25CsinvA+ 1.561Ccos^= 0 

- ^ ^.brybr 4^1 y\y .if/= */A53 rad j C = ‘/Yoi m rJol^ o—jo iff jC i( jji 4jiU« j* Jp- jl 


jc = 0.256 e _I ‘ 25, sin( 1.561/ + 0.896) 





:l» ij—^ jj\jj o\j~» t = Y s 


X 2 = —0.01616 m 


r' 1 ^' O 


4-Q/f<SJ/-UI £ “ •/“IKC <<tAu[/ y) ,)fJiUfjH ‘/‘AY I yllyl & ‘ (jlfj (Jjtit- t « K S y) if^Jyl) <t£p ilf (yj <Ll 0 

./Aib(jA (jtujfi )yit> izfy. 



tSjSj* '-~*£yt y 


A-T 4 j^oJ aILmmO 

O 4 ? • '—*^—5“ ji ft>„ O.P j~» L C-jli J—jju L _ji 

j' O t£}j£ 4-L* J>jUx» •■'^’“^rTLf 4 

*—L> j\ sili <_#U J* 

.XiL^ fi k J Af 4 (>ri Crz** 'J 


:l—» j->)y •»—Jli -j jLolj 


C..«J y jl * <_£j <J 4-1— jl ji 4 -«-—Ji ‘• l J>‘ 

Vk N B ^ Cj - >y * ^ 0 ^ L ^' • C ~' i 6_Ui 8i,i ^ )L ~ 4 J a O' y 

= mx\ n k N A -n k N B =mx 

[zF y =o] N A +N B -mg = 0 


[ZM^O] o.N B - — + * jmg = 0 


:j»j J j! jl N b j N a i_# Jb- L 

J+ 5« J= 0 

a 

U i j~j\Sj3 4 J&j'jJp 4 —j .JOiL^ A—Y 4_)ibc* _Ujl_»Jk 4_j.}l* J « jj—>1 

:L O-l y\y 4jti y j£— v_-?- y Lf ^J, ji J Q) n = y j 2 fi k g/a 

fn =^^fi k gla ^y- 


■>/f /9 bifJ)(si <0)Ut ;l oV<yi fc»(/W ? ci—// UfyU <tiu 0 

L; vh)/'>jp,s> of z^u\ (yj (Jj) .)y£ifjoj )J 9 C>fy <U)ixA ,) a)„ (Jlojjl; ^.yjjj <tf &J) iaji <cf (yj <0 Q 

•>/W { m ^ JJJJ . (JvLeJ ghw y) (jUuJ Cj&jjjj 






J-9 


x = r*cos^o/ mm 


4_, Ij f^r-^ ^ 1 A—Y 4 -^—~* (*-*— T“ _>■* A—1 

A_li>J ji A -^ ^j —-'’ *i -^r—ij-i ot»j jl 

L> JiLjo c.~ . : «.» y >—_=7 v-j^ j J V • mm C—*3 y jl t = o 

C <Ljj.b .ij_i Uj d—lj d—. <j \ Y • mm/s <Jjl c-Pj- 

.JLjS j«Aj lj <lS y- 


a_j_j-Jia* iaJ i aili jl—iJ j —3 _ ^y- ji A—6 

j ^. t—- ■...* T i &t o'jc* Os;" C ~ J ' 

ajl-Ljl 4—; *j\ y — «1 j —il ji 4^ t^max d-Pj—> 

jl jjdi L*j j Ori'-i *—>. J J*!* 1 <^y>y jl •/' m 

(5 st = */Yvr m jT = n/T s j v mwc = • A m/s^l y 



A-il dixM Ji-i 


jl */l m ajl-dl A—; A—0 4ji—• ——«> *j\y**\ A—*V 

J zy^iS “A™- 5 " O^, V J 

Jj lj V d^^~. j y ■»J L r' ^-*jt=o<^y 

Yd—I j-Xy i—ill.i ^Ijp- .-Ui£ Oss" t = y S <la>J 


“-S' o-j ji L—o 1 Y /° kg fj-=r " v*-" A-V 

•aj-Ay lSj!a-*£ aJJjb jljJ j* *Ar*-*> 

•X-XS 4~—Uv4 yjyo y lj 4—— oLiUJjl ,/n iJ-'^J* 

iSL&a^l .ii j£ Uj ( j——< j £jt>- 0*x»y jl *?■«■-> 4^ 

.d—>1 j-^-li 4—— IdAlj a^i>- ji 


'JjLwwuO 

^j'LojJLc JJImjuO 

4-K 4_£ -LdS^ ^ ad——il a-Li x£ *S (Jij\y j>u) 

(jjlaJli tJyCst Jilxj d—Ojx jl iXS y (^La^AI* 

tjyoU <3ljJoLZlxjjl- LoJJui ^JjLwjO 

Ij ,J <,. tjS lSL la^y X kg fy <j tjltjjb A-\ 

^UjuU- jl y-A .C.—-I aJ_t J-ala 

y \j jjk c-U .c—I aJii fjjS ajljjl l • mm o j£> J\J>\ 

.jxS yyS Ib/ft j Ib/in a N/m __s- 

k = VT\ N/m a-jl y 

k = i/Y • lb/in 
it =o»/l lb/ft 



A- I 4l * ««« » 


j-i l J - f yr (*™- c*sJ» A_Y 

o^" ^ H z) vli ^ J^r- j rad/s 



A-l* <li—O 


4 } lj ^j— p~ A t A—Y xJi——« y~*.***j ji A-V 

4. lj>J jJ J —i 4j - U— jO^i jtaj jl 

I a j JjU; o-*j \~y v-3> jiY”. mm o-xi jx jl f = ° 


/, = V/L. Hz 




• a >- 





??\ J 5 L~» A-r^ 


—j CotJ Ji jJLS’ * /^ 6Jj^x] A-\ • 

jL -jj Ic = \ * N/m 1 —j (^3 <u*rf 

j ^ = r mm j — A y t = © ji-, j 4_Jjl t 



A-) • <JLL*fca J5 Lm> 


J— ^Jj>- ^—d Ja——A3 l5Lj A—\ \ 

L-aj t 2r-^ a j 4__L*>li 4 —> J *^Lj 

ji Cj£jj* ji 


J j' <ji'sr-* J -* 1 

^ I j pJl5 il-li.1 jj ^UJjl /, ( _ J *-J> ^IS’ji j oi/ JkJj~e 

j-i d 5 ^— s-- ^ i jt*j ^ ^jy-y. j’ o~i 

j\ i-^-j j —a j 1 • • • kg ^J-^4_jjl (Hz) <Jlj 

(•>>- j ?ja jy* .xjiL^ )v/o kN/m ^Ijli jii jlf>- 

u-^j ^ -> tXi> cf’j lM^ 1 -> a usi -> a >* 

j-A .Jjljj }y~J iZS j>- *j j&wi-A IJLJ 1 XS^k J»jJL- 

.JL^ O^j o^LLlxI <$" ij ^^5ji 

/^vrnHz ^i^>- 



A-1 1 <!****» jJ&m* 



2.5 kg 

A—Y <1mm« J5Lm> 


jl jj—^ ^ ji ^JjAS \ • • f ^/!A-A 

.j_iL l —j c...»..« <j */o m/s £*s-j ~.• ^Ijb JiU: c...i«3j* 

j~-S ji jl —J jA .JlJS A---1>V. Ij (l m ax • >1li j!.liu ^i£ljl>- 

.c—I k = \ A* kN/m (jljlj 



A—A <! *»« » 


/^U>6’ j/jTCjLZllxjjl mm 0^.3 

>1 (*jl—i jL -yft Lf >^mS> ^j~ jlS"y A-^ 

Ji kJl~* jU Ji j_a .j_*^ v t—^ ^ji-^jA- (Oj- lj .oj. 

•c-l ^JULJ cJU 

f, = T/^ • Hz ^lj>- 



A-1 <LU-« JSLi 





5 J-aS ppX 


iJ—^ jil Aj! jl Aj 0 ... i cS_jii jf tSljl l^s 

j\ o • mm .jljui “>—; A—jlj! a_S c_—I j_jiI J-; ?o--I 

.ijUj l _ rr - j «o-i JiU; c-Ai_^ 

m = Y/oo kg . = •/Y'oa ol>>- 



A- I A <l i u x 


*_,!_>• ool> jIjIj <£ J_^! i5L. j,— A-n 

AOilj lj J_p- ilji J_jl» IJLZjt jJ aS Jjb jj cO~>1 {$jj\ 

J_w.^-! /! .jo-il^ 0Y0 kN/m JjU. ^ iSb' J J 
^shuj> jI_^_ji i o A km/h l —j jLS ^ Y ♦ • 

a_j jj\ V OP j ~>< (i—ill) iO»l >_->iJ^S j jy~y. 

jl_jj j£jL< ^ = 0 aS iJAlasJ ji jl»j jl 

J—sr*>l -Ymax ('r’) J 1 ^jy*y. J 1 *’ 

■b 



A-1 ^ 4ljjjj.a JSji 

jj aS ^jIa^J Ja-jj jj 00 kg aj A-W 

i_£j m j ij;_-I ejli-jl iJjta jl^5 ol^Aj^j t5jj jl i^lf^l 

* ^Sl .jA^j ia~jj jj YY mm jjb; jsi" 

i ij —i j*jI— s ^l—*Jjl I i-.. Jj—>■ ^5j —>'j jijS |*->- 1; 

A_j <—~>«j a_s Jos’ ^j_s ?c—-i jj—i>- os’^p-7/i (j-ji^y 

j I *.£—»■ _j-S to f j^" J J-JS ( J, .»p i_SLo>Nl o 

.j/ jl^V 


cSl-^k j-i *jb (^l - 5 tSJ> ‘tS^ tSJjl^' A^d Y 
jj 0 >- .J-jS^fA a!^.J I j --I jJ—s jjj JU- ji aS 

tijb jlj _3 j!j_ 4 ji < 5 ^ ji iSjj? 

ol wilxJjl 4_jw^j jUjUjJl*-* jl 6^Ui_o*l L_* .ijlJLJ 

^XS^ J ^ JJ 

oJL^i 9 Jj^jL J* A“^V , 

•»b' j* ^ (»■ . -« " ■ a 7 ‘t • * * kg ^ 

. JL_l$o jjLihJ A—JC JSlw# V jt ijp cJIp- 

A mj jl l5o jA J jJ ^JjIS ^13 CLoIj (i—ill) 

iCo^LJ jIjUu j\ ^1 jl A-j (v—») .JL^>£ jj-ju lj jLo^j 

jj—l jjj Aa Ij J_jSL»L jjli (^l^jl/n ,j»«jlSy 

Yo-I jJi>- i * Mg Aj ^^.IS 
(oJl) ik = 1 V 1 kN/m ol _>>■ 

(o) /,= •/*• o Hz 



A-ir <lO-JSLi 



0-^~ b m fj—r l Lr-j^ {•** o*y Ij A-\ 0 

U j j —-- a: .tljS "V kg aj ajIjI i_£j (_ 5 jj ^j JjIj aS jjS 
^SLjL" _cSlSjasgl i_j^d ^pl Jp- */VO S jJ Oy -*' 


/, = r/n Hz 




??r jsL- a-v^ 





^yloj 3 (jiUjjl - J-a3 f’f’f 



A -Yf JSLi, 


lj o J 1 oata jl JU ac- 0) n (_r“^j* A—Y 0 



o-Ll ojb jLU C-S^Jj—jl yui aJjIjw A-YA 
j?->-l-< f^-=r -J—ijjt Ak\ >-••- > • Ij 

j k\ = ky = k aJi ^yJLa- ^j\ j_» (O n ^ju^p ^-Jl— 5ji .c .... «! 

jl_^" ^y .JLJi” jL rad/s ^ m r = m 

■XT...a CjUL^jj a£ 



l5^_j jl j*—* Y A-JL^li jl Y* kg A—YY 

jl^ ^ .XS - ^ Ja^L- YA kg ^y>- aj 1 jS’L» SjL 

k = A • • N/m j_»lLj_jl jl i_SL _j a£ jjU jly 

jl y>)Ji Oj_j—a» Aj Ij ^Uljl jl J~ob- * .XiL^ 

l_5j_L A_Jjl -«Aj* jl Jk A^JtX ' *5~ jj^oj jl»j 

.xil)^ J5Li (jjUa« 



A-rr jsLi 


Ij^/^L* 0. oUL-^ISyA-YV* 

.jl—) Y * • N/m OjU .»lt£ y 

,x£ l a»JJ tsr jl 

/,-rWHz v l y. 



A-tT <L1— JSLi, 


Ja—j ITl ^j>- <^\jb fcjjl y l£j> A—Y1 

.C«—.wi oXi J^al* ^ iX Aj ftXi o^b jLiJ y*l 

aJ^Ia* ^ x>Ub*» y ^1 j» 

^ ^bob- Ij y .x>Lj tj x *jij> j c.wiJij 

J^> Lft^^1 ^^_>- jl J Jal Jj JjU; C~*S_y» jl 

.JL^ 


A-r^ < 1 ^ JSLi 






99 b Jit— A-r JiJu 



A-n <ii~, jsla 


—«jjl *j ^^jl* Y/0 «JLi ^ JJo jJi *j\jL~>\ A—YY 
*/V0 S ^Ijb ^ J ji j*Jli aljT 

jJ jbl* 4 - C- ( (fl) (Jl> 4 ... * jJ 

jl j »ij—> jji (b) J^lk. .-ijU 

j j . j I— »j j J j—ijy* £jL^ JiL«: c^i^. 

_jj c~—J jj—virf.L< «-L* i£Lf~* 

L*d' jy* ^- *■ ^ 

b k JjL« jJ» C-jLJ j C jj£~jj ^1 ji» t £ jj£~jj 

.JL* v L-» 



IjMO liljf &LiU?jfmm ^LJJLO ^JjLlMdO 

'—~* r-r- *b* b £ ^ ^ J>-^ a-yv 

.Jl^S i 6 J-si jLL» jb aS j*± «. ^ jp? cJl^S 


c ~ 42 N's/m I- a: 



A-fY JSLi 


*—> >• L ^** m oXtjJ!» \j+a oUL -y T ( f A—YA 

,^b< S-* C ^ L; */Y S j-jl^ ^ kg {J?? 

.JL* lj c ^1 J~» '-ris* tJLil; A* • N/m 


ioj jj Ij-*b Ijjjl jj * _yJ _ 4 *j <j A-Y^ 

*—pf ^Ijl *—i •(* *— *b»l • -I— ’ - * >*1 ( J-« l*j 

' ’ .rib* w </ 'js-* ‘ £ cY-br* ' Ju r- j j 1 

?-Li J>lj>- *Jjl ^lj~«lj ,j~j *ji Xjaji 

£= »/tr\ v ij^ 

j* j ^ 4 *j <j iX* jijjil A—Y* 

J - >» ji YO a jl J_jl ^—; jl J j—J jJ (_>.« (I jj*lj 

.^ijjl c—Oj lj £ c--* 

j_gl^j lj c j jSC —j j oX* *0^ i_jjv jIjiJL* A—Y^ 

4 ijb jlj-* lJ —Jlj>u ,_yiljj* cJL>- jj * cJ* aota jlJLi |»J__ 

.Jjjjl C—X 

c = YYL • N.s/m w-lj^ 


A-YY 4lt... a JSLi 







j 5 j\ _ ppp 



A-ra jsLi 



A -r? <JLL^ JSLi 


J j£—*m Ij ^1 j —j oXj I A—W 

4JUI L jl <S“ C~J fiJLi *db jLL U>J ji bJb>* A-^r 
^1 ji- ^U^j^b c~—J ijj£-~~jj aJU^ —a ji^ 

iji jlJLJu 4 j ijL OjJLj iajljJi ^Jl5 oLtUujl 

jl fjV C j_jSL~jj '-r~-tj~* ■ : >J--!' < S 

Ij UoJL^ 

c= n/U 0 * r )N.s/m 



A-ry <ii— jsls, 


w oJL>* jl 0 Jl, J* o^b Q L- J L > * 


Cj^X* b x ' m *J**ij* ^j x ° ^ 

.i y^tj* ^b^l x ^|J12»I ^liLI 1 


fyyc jfj/ CtLifbujI— ^)LmjO 

^$\j _j <jL«j - <Joj\j 4^^—Ji jJjUxa A—VY 

<jl ji *—£ tC. — >.*1 aJL ..Jm o^b oLL> I j*a L ^LiLujI 

ji ji ^jL*~» 1—o jAj 4L*b j} ^ ajljlSl L 
^IaIsjIj .ijjl c—Ij t>U^ 

*->Xn J X a 4_^b _)J ajljJl ^L-l J £ jj£~~>_j (jiljy* 


. ■i yS* <jL ^ ^*-a jl Af aJL^U 



A-rr < 11 ^ jsls, 


jjSL^, cJL>- jIA-YV aJul^^/^T r ^A-n 
j3 .i y^*^yt La j J^l—*J C~a3 y C^»l j v«j Jb jl X 0 <L*li j.i 
t.-* ■■.■»>- j> Ij JC ^Uub- jwLi Ifc j <jl*j t — 0 A&jjy# 

..LJ^ / Obj jl 

jl jjSs—**» cJb- jl 4 I J3 ~ c^j» A-TO 

jlJL_X« ^^1 .^ySt^A Iaj X 0 ^J^l 

.-Lm^ ^j-wnaJ Ij £ ^Ij? - 4 -LiL X 0 /Y ijLwjJ 

C- % /'^v v i^- 




99 V J 5 L -0 A-Tj^j 


L. b ^/jJLS - I/O <J V-^' h ~ iS 

1 (Jil <j Y • ° <jj\j C->«j Y o • m/s l _jJLla^ .£ ■ j.u 
jfi I •■*—»j ' 3 fj-^r Vo * kg jl <_jljl j <^jyS {j-* 1 >• 

A.’ = YV kN/m —j I; v_jijj 

jj^--dJ i^dU-* S-dj-® 1 -! c5' sJ -^ ——■ J 

•W JL_Jj_ ( _ r _j jlJ_L« ^_S"tJLs- iJLJiL C = <*• • • N.S/m 


• <X*£ Ij »wJ y> <P y+>%A 

•^max = A*V 1 m >1 

250 m/s 



A —l 6 l 


t $\j-> n* • jL.cJl j S* ^UA-iY 

j-—» ^ Ij io* N »_Jp i^£U p ^UjT 

vo mm ij Lg—>T j j jjl^ i jij cJlj v- . . <p 

ojlAJI <_j j,— 4JJ5-J ji-lijJ ji>v. <j .XSy ^jS ojl-UI 

j l J^s r i JjU; c~*j y <j c~~J Vl c-w <>) Y mm 

^ 1 —>*jl C^-yiy J j-p- I j £—S y yy 


Jil—* j* ^yy l—J ^J,—*j —j \Zjjyo *j Ij ( J^P jyjl .Xtkiy 

Ij £ jj £—>~jj y\y jfZ li -4-j;^; jlai ji CJlj fj>- 
J-* cS'j-d *J c i yjj^ J V** iS-^.jij tS'jd 



A-f r <LL— JSLi 



j J f j-^r ‘t#- 51 j 5 ^ tjd 1 j? 4 j- ^ ji A-Y^ 

•*j—*y I—*j (_*-*“•* 4 —^jl k — p j~- Ij > 0 C.. « , * j4 jl f = 0 
jl ^j-^r jl (.J—J Ij (*„ ) c y\y> <Jjl C-pj_- jl J-l> 
-JjjjI C—-A; iij£ jj»p JiUj c..»,< 
(x 0 ) c =-(0,,X. ^jl y 


Xe = \o> mm ji • jb jLij ->yj y A— 1 • 

j J Ij •*■ L jjl- J >dl , r l-^j —j cJL»- jU = o jj j 

jc = Y** N.s/m (^i-II) cJl_>■ ji t = • /o s 

j-yo* c = r* • N.s/m (^.) 


I 



A-f • <l l»m ,JSLii 





j 5 jl - 99 h 








99 \ oij •> jibuji A -r^Ju 


olji ^jL^t (jibu'jl A-T 


^UJjl JJL~» 'jijU+A j t-Ujb ij^rj jljl oliUJjl ijy y ^jLij < l >- £\ 

*->. (TJ^ '—*j—^ j' Jji *£ 0^~* iS ^is*“ *i £ cT 1 '-^ iSJjj *-& ./' J a <LSy>- & XX~A 

~ a ^jL>-| oLibJjl . - - / iUul ^.b—Ji^p- j - jjjj^l) Obda3 Ja~< jv- 1 L j J Jjlj | t .7 l .....><i 

.2yX jUjul ^ -1—^—1 J-jji y>- ^jl jj 4^ C~-l 


v-SLJ^jIa 


i£jy> .JjlaJ-i eib jLLi Xg — Xg (t) dy** >ijlj_^3 y\>*j\>- j F= fty) (^jL>-l £^ljj i—Jl^-il A—A J £ji jJ 

LL>J j l_SjJ J J Lf* jJL^a ^jy* LJlp toJLi> c- '- jUL> j! 3 ^ _y*jlA 

l5jj j—;! j fj** - *>■jj 4<JJ^ tjt*-* Jj oX>i+j 4*Jlii4 ji V ^ji ^jJjl jL* (_$Iajj*j ^ 

l_ijla*j» ^yyA jIa (_$Iai_SL) 


J'XO or x B (t) 

WWW ' 

(a) jy».> 

morxrft) 

WFt-Wv 4 W 

W* is^j' o ,jJj 


JWorxflft) 

[■ Z\ W_ZX Z\yA v / / \/ /N —« 

(6) ^iUy ^ 

Fit) or x B (t) 


_/I-Z^l/ Vv , 

jW 1 jjJjiS*-! ^aUJ 


(c) 

A-A JSLi, 


jlj_s F = Fo max i y?J l->- iSx>y> jIa t^jyj y\j j*—a- jl 4^ ftjS^ ^ ^j A-^a I*UjI 

jj—J 4_S^ Jb j .Z i ^pJL«Ix< . J —JiL^y* ( 4 —*jlj j^j (jLjjlj __ ...>• J —») <XSy- i j~j\—£Js 0} j jJ ~—( 4bab Fq (1)1 ji <5^ 2 j&yt 

y£s*u±A .XjjX 4j aJLi JUaI »—■•• <gl>~ ^S" ft) J Cwil 4S” (O n = -\jkjfYl 

.o~i y F = Fq cosax Ojj^ ^ !j j o^Ui-.! cose# jl sine* jl y<y <i>ib o -y JbL 




^ 1*5 3 J«a9 


b j±j aJojI j j o JUc-l b yj? (* j* o^13 jlA-^a JSLi ^1 jl <u-~- j jl e.ilii-1 L 
- kx - cx + F 0 sin (at = mx 

yii^y* o £s*~ .ijlJijli—I ^ISwj A—Y ^Ia ijL»A L 


x + 2C«) n i + G)^ = 


F 0 sin cor 


(A->r) 


F 0 sin ft)f 



(a) 



S-A JSi 


djb 


*—jIj OJT^>- 4 ( 1)1 4 ^ l ! ■ 3 J*^(_f® J ^b'-’l 4 «J»i JU^-I 3 ij^ ^-ij^ cOVIa- jl (_ 5 jL—; jJ 

( j—Jmj ^I_........<i (IajI^jaJ jJj .O -*l .<3t4 (jl 4_j £»A- OVlsAil jjl— L <jtj^ '-'““"I 0 j~~jljjji L 

•AO«a ur^r j* L#^* cX J<^* (j-j^ ^jb S' J* ^laojl- J 

tuJdx* ^1 j^b oUb .C~J J^Ia^ jIa j*> JI*pI lj AjL jIa ojS* 

jA AjL J\ a£ JUO^* (jbL» ^Ijl Jj ,Juj£j Joj OwwjI ^«j2Za kSj>Oa Aj L Aj ttjl aS^ Ij A—^b 

<-£ j* t ^*** > ^^ .JLl^ U>«jI>- c.«.»a3^4 a-» q...» » x ojljJl A-» *—■jO l tsi.ooSbj^A jt^5 J^IaJ 

ajL j ^l-A^bijb- J^U: j! aS' a~il Ajutb <>■ jl .-LiL xb = b sincur ^Ljja jLa <i*Sj>- ^Ijb ajL 

{j* jz* O Jb-pl j Aw Jj j\ o^Liw/i L ,Xj\^a v,IL.»i—«.JU j Aj C..y.. t 


- A:(x - x B )-cx = mx 



(A-U) 


j| eJLi Fo j^jU»- kb *& JLil;^ A-^Y* C-!^^3- ijl-*-* A—^ 1 aJ^Ijm ^ (aL^UIAj 

.0-1 JUpI Jj 15 A-U L A-^r mJ^U. ^ j\J > jr JUL 4^ ^id 




c.lji ^L>l jlLu-jl A-r 


A-^Y” 4_bU« cJ x*j C—S' j>- .^az^ JJ* kl->v (c = °) C—-I _)-^-lJ 4 c#i b~« aS" I Ij ^b- Ixj 

: ^<_^ 0^7 


x + to 2 x=—sintof 
m 


(A- \ 0 ) 


J-j>- jl ^*y>s- Jp- aS - x p ^jAjap Jj«- _jjc c Jp £yA*» jl <X—I OjLp A-^ 0 A^Lt* J.IS- Jp~ 

•“*—^i^ 4 (3A-rf> j* aS” C—-i ^Ij^- yAP- Jj>- j xJ^ C~iX 4tX~<l yu<5 ^jl^j (jl C—Ij aS" A-A 0 

J-*- J *-* o^j-* 0—i l '-; •■J—■»l c—x A-Y u L>* j (a) o_*~i ji ^j^-c- Jj~ .xil^ x = x c + x p 4a>*x j j 

: (*^<y* Jr*< #J jb *y- *sr* jj? *i 1 *& ^y^- 

x p = Xsm(ot (A-H) 

i} 5 " j A-^ 0 AbU* ji OjLp ^>1 (jib t .Xil^ ^pypp 4_j |jp (Jjk X«-lj 4_— p y) o!j X jl ji *& 

:c~ib j*-aI y>- X u — ?- oT 

Fjk 


X = 


1 - (<y/<y„ ) 2 

^jy^k-^. t 

sin<w 


(A-W) 

(A-U) 


_Fjk 

Xp 1 - (to/to,, ) 2 

cSb' ^ 0>>- j'>* **ry *jy ‘C—l ^y»y IjAf ^ *& b yy** v 'y j J 

b c*_S"^ 4 ^pyAP- <->\y-p jl jl»j l t j/ <-ix~ Ij jl o' aS - ^1^ jl 

.X-ilj^y T = Y?r /tU <_£ly 4 (_£jL>-I *J>~->_j>xj XjL*_a jl Syy .C-^l ^y^y> LL <u j XS^^y* i_i^ojj 
cS-?X-" -r-' 1 ' c * i ^ J ' fxr (^i^l^r j'Ai. J&L, &t Jf\ ,C~J oS"^5- X X-b t J>^1 jj ^ *jy C^S 

.j*-A j fi^y^j* b jib ^ -r— ' J 5* =Fo I k Cj jyp ^jI jj .xiL Fq 

X 1 


M = 


(A-\M 

^ L -o/j c~_ < *j M c.,.,.>-» 


5 s, l-((o/(o„) 2 

o—iI ^ U»^a>- .xiL^ ^UJjl oxi ,^1^ j tiy ^y*y cgL^jji *-. 

\y —« £\ 4A^»X jJ •J j S' -XaI_^ CyLfy AjM (XS"^ J^. Q),, Aj (O *5 ij*Jjb O-jj <cSJ 

( j_j| ji iJ-^S (J-c 4 |< (0„ ,_ r ** J IS’ji C~w< Aj jl aS" iS*jj>v <-£yy> jl* <Jjyj i-^j ia--jj j XiLi 

< ~ 4 ^ I t^** 4 ijlA; ,jjl JsbJ jl .XL^ ^^jl^jl 4 ( _ # XjijX>^» Ajj^pyA (jjX X A>xj Ji J M Cjjyp 

.lyi, jAy JaAjJ, ^ jl x_L aS - c-ib Xkl_pJ y* J fy- a* L f' L-aJ ' ^ ^ 




3 o-l ") - J~aS <r Y T 



A-1 • JSLi 


J ^j — 1 ^JLSy I JUJLiS 4j (O n jtjlia 

^jL>ejL>- j ©JL* (On <j (D *£ C » «>1 iJjJ~!S C-Jl>- 

j ^~r* M —j jJ> i (t)< 0)„ ,j\j> ‘-Zjy. <_yb>- % 


j j~i> i (t)> (0„ <_$! j-> .c—-I jLjjvA F ,jj l—> 48J—i jL>uI ^UJjl 
F (_£j j~-j 1_j ^A*° ojl-L-il a_j oJ—- ^Uj jl j sJjj jj? 

jl Oj 4j Ij A/ j jljju A—^ .ijb jli 4_j^b>-l 

jLD (0/0)„ Sj>xa t _ r Jl5 'ji c-—; 


,jiiL*j'jl 


'jk* *—zJ** # jk> A (ijW 1 Vjj j* 'j L^jy OjiS’l 


.. . 2 F 0 sin<ur ri .„_ 

x + 2Cft) n ;t + <y„.x: = —- [A—\r] 

m 

J 1 ls~* y** J- 3 " ** x p lt° y^~ J 3 " ->■*<• iSjr* J 3- j’ c ~"' * J 4 ^ J 3- 

-Uiljw jj <S ^1 Jfir J* { Jju 4 Xp y^~ Jfl- J 4l—X 441—1 J>\J> jl >1—lj *Z A-^t diU* Js- 

lij *5 J A ‘ 2 J^ A j*rj 4>J,/r 4 ^ t#* 5 J* Q^* 4 A_T cr 3 ^ J' 4 b *r ^J>- •-^’ L y 

jl>»i«l Ij ^ij j^U—>ljj>- .-uS’^^vJ C-jUS - ^y^>- Js- (^Ijj S’ L> 

= Xi coscor + X 2 siiuor L jc p = X sin(a» - 0) 


aJjU,. jj tn-* 4 j cos<yf j sin a* 4_—I jJ> jib jl^-S jjl ^ jd j A-^T ji j^-\ <kjlj jili jly L, 


r-J 1 


ib 48JUI c—Jb 


Ji/L 


{t-(®K) 2 f + [2C«Kpf 
[i-(o>K) J 


(A-TO 


(A-T\) 


I j* j oJ-1 J;—J^IS - J?- jj^l 

J: = Ce" Cft ’■ , sin(ft> rf / + ^)+Xsin(wf-^) (A-TT) 

.41—1 4_jj jJt« IjJlf <» 4^1^^ ^jIaIS^ jL»j Oi^JLj l) 4l—IJ 4_i^i? (Jjl *£ jl 

^1— .41—1 4_Sljla«.J jl «U J^-^> b jj ‘b” (1—I l^ili dibw —>lj^ jl J 8ijJ 4 j JCp 

4_Jjl iajl j-i jl aS^) I j/ j C ^gb t —I 4 j ,J—oi jlj <_£_} j<j j jl A—YY <J vl—I j 4_i^i» ^Ia—— 

. 4 I—Ijj^ JU- ji <S” t jUj j (ijS - ^j—J lj jljj(y» 







*vr oiji ^l>i jiLu-; A-r 



A-1 I JSLi 


A-l r JSLi 


jls 4j. 3 lj 3 

^1^-* C - -—j jl (_£ji £wb ^ AL*b -L-Lib oJU- L ^jiy ji 

‘C—jt ^y*y> <_~^ r ^> L A^tb c .....i & M — X/(Fo / k) -Uj ^ c.~~~j JJLU .JLib^y* (o/(o n 

(a-yyo 


C~~~j *—ik>»* jJiti* (^Ijl Aj (0/(!),, J <■!■- — j 9- y M jJj t—jl jjf jbjj*J A— \ \ ji 

(_5iljl *-j>-ji l5L aSO <jjyr 1 ^r-UJjl a. oIp*A1»I tJSLi ji' .c~J #-Li p —*y jJb a> £ 

«lj j* 4^j-i j C*£y- Ai*b £\ *£ C—il l __ r a>^Lji i£jj jl .J-Ai^ jbiJ a£Jj* jU i_£o^>«J jil ja lj 

jl ft) *»—S' (_5 j^1s <j >Sjy>b (v^ ^ (£ 3' y^Jji *■>. t^bL-o bXp-) ij)xf (_ri'>*' (aUJI) iijb 

jL-i-i A- \ \ JSL-i .C-—-I jyy xxib cr JlS'^3 ^>yy j* c#d'j?* .-Lil» ALib aJl^U xxiJ U ~J1S’y 

(_5ljl 4 _j . Xi—J j j —=a j|ji» ^iSlXo t^ljb (0/0$, = ^ jj jjj ^rij^ iS^y 1 *** ‘ C = 0 j*r ** ^ C—»l jl iXa: 

Aw/L>«^ A—\T AbU* jl M jlji* ^iS1x>- I-Lj b I j y’^ jt j* iS^y jl-ii* j£\x>- £ jl ^jL** jIjU* 

Ob—i lj (OL*j A^i) jj) i a£j jl j XST 7T b o j| Xl yy io-uI A—Y ^ aJ^U* ji *& (j) jlj <ujlj 
^jiLL> ^Ijl 4j aJ_^>- 0 jli Ajjlj aS" Obb A-\Y J$Li .-LS - ^ jUuI ^*>-1; F (_Sjb>-l ji x p £-*b aS" Xio^ 

LiJL-s- ji (j) jl J—a * ^ y jbi* ^1—W (_$ljl Aj aS" X-lb ALib a?- jj .XS y j~*j ^ )IS ^y C~—J l» ^ ^1 jy C ; ■ i_iLl>^« 

A— ^ V j J ti j-i jlX- i (_$ jb>-l ^jlj j o J*I C—X ^■'b ^j-j jli i_i^>b>-l A&I (_jl jj ,0»*l ^ • ° y\y X ' A* 

*— >.Xle-Li A1S^li( jj 7T/i ^jl^ 0 J 0)<(0 n tjjl Aj yj ji .C—»i e-Li e^b Obbi 0) t b Xp j F do I j??*-) jl Aj 

X7t/l jAj'ij) j(!)>(t)n^j* 




3 (jiUijl-J-aS 



A-ir JSdi 


Ub&jijiS 

-„n )llJd J jl&A-JjJj J^aj ^y^i^Xfuj\ (^lAjljjl jl t-Uiw^A <p?\f l£*jjA jl* L *£ ^lAi^jl^ t_»lpl ji 

\Z~>u JS^ *& |*Jjli <?“ JJ .Q. ■ *>! cJ_Jd eili jl.t. ) A— \ in ji jljjl J ; C? .. ' J^CS- Bill it.,«! 

OjjLS JL^pI L cili i- il <_aIs 4j c~»..j c ..~o j» jili jUL> x jl .ijli jl^i ol£i^i <_j|j JCg oSj?- jjilJ 

•>dJ ,J > a*-* 5 fJ a 


-cx-kx = m —^Ot + Xn) L Jc + —jc + - 
rfr m r 


~ X — ~Xg 

n 

J j+jut (_^lAiL»j L j>- <JiL«t4 Ojj-^ ^1 ji iJLiL Xb — b sincot £\ .JLiL^ ^ j>- Oc + -^b) of j^ aS - 

:Xi XA\yi- jjj Cjjy^P < 


x + 2 £( 0 n x + ( 0 "X = b(D 2 sintwf 

1_ jL 4j JaJb ojLji . c»aI A—W <!il*^a jl«_A tij«i Fo/m o jLp bo) 2 (^I^j j^I aS - 

:^jli A—Y» jl 4 am ji ■*_>-jj 

x = _ Kq>K) 2 _ s 

{[l+ ((»/(»„ ) 2 f + [2Ca»/a>„ ] 2 y 


>r-0) 


(0 /«„ ^y—jlS”^3 jl ^xjlj Ojj-^9 Aj X/b Jj«j ^ C<~j Ojj.Aad. i l ji tJ-il; Xp AX*li /:L X j^l 

.i a?-jJ O—j!A— I ^ j A— \ ib (_$b«iJ5Li jji ^1*0——j f y*j i_»^li>.| j ajUU ijlj* aj .C ~ «l o-Li ota <l)LJLj 







• XAb=\ C iji^jz* i s.*'^* iS^ji ^->j_ )•#'•'} j* tXiL <£jy> G)/(t)n L# ~~jIS "ji c.....i £\ 

t *—! <Sj—$ 4 jl-L->l jlj-jl j O— - »l Ol—Ljjii (jl (jll k ^bwlp- L i—>U 4 j C.......J ^byl^- 4 L# li>l 

4-S" |» ;' .....ft £0„ = -Jk/m iS-^j-S *j 4 j£jj> <> ^Ix* 0 C-^>- .J^S’ L y* J^p ^M^LfuUf 

C ** LJ ‘tr- 1 >-' ^ A J ,a (Ji 1 ^ SS? '■is£s Cjr*Z ^ J >» <SS *d jlJi* Oi* I^rj 5 " 

•-*—■—» _>L~j i$ljb Uj^p Ia^^^jjUwU- .jJU_j 

Ij A-\ ^ •XS ^ J* 4 ^ C ^ » ~ * 4j M Ojjj! _p iX^L 0)/0)„ C —;~ J j<-£l i—»ji» jl 

JlS lx- L X 4^ ^ .xiU^ V U v^Li p\j^ b( 0 2 U .c~J X = b(co/a) n f L X/b s {(o/o) n f j (ax 

l-jLjhI. 1 L»J^P (^1 j;w« OmmJ jlSy iSj 0l>^ <» Oljj^ b 8 jl-Ul J #■>_*> u-Lu v-jlS 

L5iL«—* # **d ,i ^ J? 4 ^ C..< > ...« <j M 4 0)/(On Ol j~Sj jl oijJbu* j3 *S * 

f^b* b cSjb*- 4 o^r jb* C= */° _> C= ^ <s" 

jl«xo c j b L J j 

a -^j^ >-» - j lS^j'-^ 4 a?; 

I—d i—ii-- 4C—I ul*j jl (^ylj *& E jUj J^Ui *S OLU I \j ^j~» jlx i_$L A- \ o J£Li 

‘jj—i oJ—- e.ib jLX q L jlx 31 jL £\ .xiL^ R j C jjl>- 4 L oJUdS - UJI 

• c —’ 0^ J , ‘ L ' c^i^ 1 J*d (*^ ^ jLfc4 

£ L^ + ^ + lg = £ (A-YO 


p 8 ^l— j-x: (-$0 L 4<>wj .4X-1 cXt ojjjl c—x , 5 !^ aS - c—I (^IaJ^U-. xjUa aJ^U^ jjI 

r-dj j J JJ -^ J •cr^'d ^d J - i 'd t^V ^ 4 jbij o-L»J oLb jlx Jcij c IajUJ 

:o—l «xi ojjjl j (^LaJjL*^ 




^loj 3 (jiilw ) _ J-a9 




m olji ^Ul oiLu-jl A-r^ 




A~f AAimLiVUViO 

i_SLj j—* j* ^ ® * ^8 ^-> tSj^ 6 jlJjl «l^£-o *-£j 

—S'(j^»**ljj^i) <jL /I .ijlj jly tC..«l VO - * N/m ^jl 

lj ol^l-O (_£LL j*~ iJLib 4X£b lj \ _ jjXb= • / • • YCOSO ' / 

.Cw,l j~>-U ^1^. .X^ 


tSjJ— L *—' f^i^cy 4 _p /'o ,jjj^jL»- IJ Aifr iX.^ -4 jL jl—<_^J 

:aLL C-S^ 5 " x«b A— W jl 

* O 



x = 


l-(ft)/(W„) 2 


.J—iL^ 0 ) = O' rad/s jJ ji t ft)„ = Jk/m = : 


=Y i/o rad/s L c—I A ^ x_xi; ^IS - y 


= -6.32(l0 _4 )m L 0.632 mm ^ 


‘l-(50/24.5) 2 " ^ '“ " 

— ij CJI— ?- Aj )eyjA Jajlj-i jl Aj >C~<I Y _jjl^j Lj jij (ti/(l)n ^3 X «.....< <1^ <C_tb <Lsj- jj 


J ufto uUo 


■jjtff'J/2 t/tiZuil )/?* (jLtd+ gjjjj 0 f (Ssl&l gG (yip* 4i jjjljjfji f) yjt> COSO-/ 6 sino-/ cf'/ulb <tiwl) 4cy 

•>/b <-*XAl M-° 6/jjj )Jy I_ij/V b a Aj; {ZaS/C if'csuul (jf c/lb) (jbitj jyiU C^oil* 



Jaii) 


A-6 djyjoj aIZ+hjo 

—4»l X-S^?- <^1 jb t X ,.«l ^j-*r OjX.; j-b JL_wfijl J_j >ut aS B a la Si 
m fj->r (^LbjL-j j jl ^Ijl 4_, 4_S" (O c ^1 yy ^IS "ji .JLil^ = 6 cos ft)/ 

I—*«^jl .xiS ,j^*j Ij JJjta iLi j oiUJI Jji l jLAjs\ -u (JjL>j 
.X-iL^ k jL«5sj L ^x >—j ,_$!jb ^ ji .J^S Jaii 
1 *^-—*y Xb j x C-—ji* j «l_pJi ^gLfc^Uujl?- (jl^j j«-~sr iljl : ( J>- 

xb = ° j$LjL~.\ J^Uj o . « ,.j i j jl j j^L c~«.wj 4 j x c-^ j?- yjcjt ,c~-j| oXi 

J^l—*j O—ji jL_» ji « J — 2 » il_>»jl ^jiLsil .3iX?w 

cA-^ ‘A 1 - 5 ^ «r-» J- 5 ISJA ‘Oi 1 ^Lj .XIL^ Yx-^b ^1 t-l o 

jl .XiL^ k(^X-Xs) y}y j ■XS^ j* l) ^ tAA^- 5 © 


•r-J 1 


lb JC 






^loj 3 J^a9 ?VA 


[SF, = mx] -2k(2x-x B )-kx = mx 




.. 5k 2kb cos (Ot 

X + —x = - 

m m 

.ft)„ = y]5k/m :L c~J y\ y y 

ft) £ =ft)„ =yf5kjm <-j\yr 

Jlulo ol5o 

.yyu j<jfA Y —1 (^iA/ f ) }Ju C^fyA i-J^Uixui <0 J’pl/uO cLzZua ifS auiI fji) 0 

<_>>-a (jL&jJj*.(jAsj ;l tll?(_yi (jf'bwl c-uz&y* y) ly yf/f <->!U y > (_,/? (jfLu ,4 (S^/4 f A-Y (jLA/ H by.yj> }l 0 

JjlLwl (JfyjJ <_i y )>i^ <t^« SmuI (yj Jlif C y /& (ff^O (Sy/4 Uy*** z 1 y) k y&* ■ff' 

■jiffy\/S <*y> ),y* 




kx CX 

J«») 


K—9 Aj^doJ aJLLmuo 

.ajla j\ji k = T 0 kN/m JjJU l» jj lSo ,jjj y y>£f-S £0 j j~.^ 

fyii oljl ja ajC - \ YO • N.s/m ^1 ^ ^-~>.jJ> L; 
ijji —-j (_$jj yj F = L • • • sinYW Pa >—jjLi* jLii .xS^a J^p 

Ojj_^ -u Ij LL ^U-br .c—I o * 0 »* r ) m 2 yhy OjT....j ^OA* £cjx*A J 

•X>jj\ C—.JO !_> <ut <o Aiit Jtfcjl (_$jyJ j OUj jl ,yuO 


fjj-* C ~ > j 


^ «••!'» yi Ij Ij&l I Jp” 





C = 


c 1250 
2moJ„ 2(45)(27.9) 


= 0.498 


Oja-J,*) 


A-Y * jl LL <i«l^ 

_ FqA 

{[l-lw/wj 2 ] 2 +[2C<u/tu„?f 


(4000)(50)(10~ 3 )/[35(l0 3 )] 

{t - (30/27.9) 2 f + [2(0.493X30/27.9)? f 
= 0.00528 m L 528 mm 


O 



m c,l> ^lo-l JteJl A-T ,jiJu 


A—Y ^ aJjU- jl jli 4jjlj 


0 = tan 4-^K 


L 1 -(«/«„ y 

_ tan -,f 2(0.493X30/27.9) 

[ l-(30/27.9) 2 
= 1.716 rad 

A—YY c^lj o—4 X*j>- jl LL OS’jj- Ojj^> ^1 

* p = X sin(<y/ - 0) = 5.28sin(30/ - 1.716) mm l_jI^ 

:dOS’Ij l» 0—1 ji\j> AjL <J 4lib Jlijl F tr (_$_5 

F tr = kx p + cx p =kX sin(fi# - <ft) +cat X cos (cot - (ft) 

:l o-l Jjj F u jlJi. p\x^ 

(^Lx =V(^) 2 +{co)Xf =xjk 2 +cW 

= 0.00528-y/[35000] 2 + (l250) 2 (30) 2 


Juijo Olio 

•/JjUJ 6/AtilA ly 6/jjjf/Jyt yjiui yl fjillj )bj IjjUJjj yjjU f /jjJ^ylyJj yJuP (j)/XA 0 ly CjLwt&6 Lull 

/) (J-&A (Sbb 9 /-tuf ■SJ/9-0 /) Ll^JUui yl^Jit (jlyb 0 <^/ 4 * /> <J J>#/A OUyf/f of /awb <tZu/l) <IAf! 

0 ^ (ft ^ Jt CJyyO <0 (ft /JMlU 41utl) )ltj .)yJ^j4 ylyS (jtlluU |®£> 4jaU y) (ft (jUf / ’jLfjji y) ,/MjllfjA 



^Lj 5 j' - A< 


„ k =1080 N/m 


A-M <!«»» J5L1 


ji tXJjS SI# •••* jj£~~jj A-©* 


. ijuii c = n N.s/m -.I - a-i<\ 4 


jl jj-JLS"ji 4 —li jl cSljl *—•. *Z 'j 0 ) \Sj*xj> ji 

lj ij_>- i_jlj_>- o^w» -Xjj^ c—x Vo nun 


.X^ ^Ljjl A—4JLI...V (_jlj>- li 4 ~~jLL» ji 


j_;I j> S—i.\ aJLi _• ^j—IIS’ji j?l A—0^ 

* ..ji. w." lj ^j'il c 0) = "\ rad/s 

.jj-U jiJLjj VO null jl LL Cvla *£ 
C= 00 A N.s/m ^\yr 


J_ft jXJ ji Ja_- _y/n=10kg^>j»-<U ,jSjL A-OY 

<jjj* _j j x._.xl oj_i (jlj_j jl k = T kN/m ^ a_( i-SLj 

j_; jLvj r ol ji «<—S’ iijlj jl j> F = fo*cos\0/ N 

4_S^ ji lj I—.L x_S” X 4_L*li .xil;^ *JLi i,....> 

J j—(»-<— Jl) J—'Iji C jj£-_ij ,ji'j:-» «-— ijJ> 

*\*r L lj U<^li J,\ .X* J-*S A* • N.s/m (x) 

.J-XT jls <5« 



A-or < 11 — jsli 


^l-ol jxJ J-,F = F c COS (tit J>r jL_j^ (Jj jJ A-OV 
u*pLi 4^ \£ jj—il^ji (On jl-li* ijlj J£-l 

?X~»I j-li>- tiij? ^» X -— oljL-jj jXi 1 -£jji 


^JjLuuuO 


udjy* *-* u*J j*“) 

(O /(O n = I ji £—»L 4l*li 4 ^jjj1» 4j Q ~»l 

(.ijli lj iji“ jl JUl« jlS"l«l>- 


LoJjLo JjLv i 

ji lj £ jLS’ ^ f js? (jblj <iSy>- X <i*ta A-iV 

c = o j c = 0 • • N.s/m (.-i-JI) jl^ j—; ,^'j^ 

.JLiL 

(c_AJI)X = l/mO*' T )m ^-Ijar 

( V )X= Y/YV0.‘ T )m 



F= 1000 cos 1201N 
A-f Y <11— JSL1 


. j ...ij 0 jjj—i lj^-* / * — ^ y~ A—1A 

ij—i u* S*—ij>C> F q C-jU o.li L i^jyj u (jUjjJ )a~.y 

'j-ASJ C_~l 4^ ,>j^ Ji j^' •0-1 jt*^* w Jj 

(jLiL 4—b 4 —S' ij_Ji »JjhL— iJUS’ j--.*! Y lj ^ jl (D/(U n 
lj —«— C A !* ^j^ 

.x^ j—J 

,^/jJL^r. 4_jljl 4_. Jjlk. A-i^ 

C -i jlk. iXili C = o jy* ji -ij-i,j4 ijlj 

.^L 4 Xali (jl (_jljl <> *S (O l£jjp*ij l j~*j\Sji OijJbv (jsf *4 

•XlL ji*^ Vo mm jl LL 

co < i/'V'V rad/s L co > "VA1 rad/s (_.!j>- 





J51— A-r^ 


v r— is* •- Li ,^-ji is* J j ^ -0 *' 

'S'J— AJat* .-Ul —- j |»-*j jSl—* (_£ljli (0/(0 n = A ji M jjj 

•?-’ i$Lr-* C (ji'ji-* V—"■*■ Osi" '- w ‘' 

.-Uj £y jl-li» jl ^Ijl 4 j ^ ji 


4 JL 4 ij\£>\ 4j */0 kg ** <s£ j * A—OV 
^ N jjk v ^ cf 4 ^* J •■ A * i (^r- 4 

_^l A mm »jlJLjt <_ 1 3 s^Lf* JA*pl <» 

C—S’j>- V mm 4 — l*b J i Hz ( _ r ~!LS'y L. ^$ySJ* 4-ijia 
ij£ j —* j*Jli jl y. 4 i*b iJ aj ^l>ul i j >-^ 

.X~S IjU I J 

y. = A/lomm ^, 1 y. 



Xg — b SilUWf A la ilj 1/ B j j*i 4jIjI j>- A—6A 



A-6A 4l t «>n» JSLu 



jj »x_j—j I js yi _ iS^j A—oi 

<S j^» jit C->u (0)/0) n = ^ ) I jjt li ,y«—i» jj—llS 1 y JojI jJi 

j • J - i C <y.U* ^-T- 5 /' j'y 

a .—«U^» IjL 4i»b ji Ij -U<»jj iJ—*/Y aj • /^ jl 

mJ__i 4 . . <l>v4 (0 /(On — T JajljJi 4 S* /?y Ij Ij /?\ ■ .LlS* 

A—A A yS^~»S 4—< I j 4 l. tf U- 0i li ji .-L^fT 4_*jlil« 

.XAi jly j ->>* 

®ji 3 JjI***.« 

i^ljb t < _ 5 —t-i- U f T jl —*y y*-t _ A—06 

cr jL ^> J C= */* j^—iJ 

/^LS"ijjO^v. A-A ^ J5Li jl »aUiJ L ,c-l f n = ~\ Hz 

t)l (^Ijl 4_< 4_S^ -L-jjj l j-^sAj jU>- IJ 0 J jlj l_»jl_U4 ,_5j 

j-»l^i JJ jl •J-US’ jl—»_jj 0_S’ j>- 4— L«b 40 jjJL>va 

t5Jij*-* 4 —SLJl?- jj jjl»u jl ( _ # ^Jli-il 
jl *jU:—-I Ij .xiU «ijlj {Sjj? ^ j>\ji (^Ijb 

jl>w«l Ij •>y*~ is^**’* A-YT" 4 Jjl<c* 

/< irn Hz If > W Hz v l^r 




^Jlaj 3 (jiljJjl - J-a9 f AT 










^loj jc-jL 3 J-os fAf 


pjl_i -Uwla j-&S C _-I v> _lk* ► A “ V ' 

1 ; iS ij ja jJ*J [«■ ? ■•■■»■* <; jf**-* 

L> '_yu~* {tj—* ^ ojL»- jl Y o km/h c^j^i 

$Sr j 1 j *>y. fl • ’ kg ^ 

j-* cS l J l *-i •*/ jljl^ U^- 

(_ 5 jj ^_, r mm .jljul *_. <«jl- i «Lil jl vo kg 


^ e^L>- 1_ > L*Jta L_a*- *>• aS* .US' 


<j£S u >* 


YjU/j^* ^ j\jJL* Aj Of 

X=U/vomm j o c = ^ o/Yr km/h 



^ j>- c*£j>- AJiUc4 toJLi* jlJLi ^ 1 +*+++* ^1 jj A—v* 

^j-aI ^ j>- jl .JU£ j o-ijjl Cw*-b JC Ij /w 

..uLJ fS lj oliL*j o$j$ ^isis j+0 AOC 


mx + cx+\ k s +k y ^ ic ^k^—b 0 coso)t 



jlj-J Cil ^L* ^ tfl^Uj ► A-VY 

> >-& cSIjIj j>- ja J^IS" l£j 
.->-U5T jl _—j $3a^>l j_>1 i_j“>L_pl jl 

j a jl—*j l—i ^jLj>»jL^ 4_LijI j j «a_jj F. sinfttf 

a_ lajlj jl X jl jj 4_S^ C—<1 Xp—X sin( ojt —0) LL ^>- 
J* J J cSj/ 1 : ,_s! L *~ l * I J) -^ij* 4i,i A - Y * 

ijhjz-* '-r->.j~* C jl ji <S C—J cxdx J-Ay.dx ^UuU- 
J.LS' eiL, tijj ^-1 4-lajlj J~>\ jl .j— jj£~ij 
(..UjLw xi jl 2j±ji y % l_^>l j *zij> Jl^->1 


L; *-£ i jli jlJ_j (_$!«jl — 4 (Jjj J— i j_P A-V* 

-uS - ^ ^il *;J ,J1S ilJi.1 ji U mm ola j o Hz ^1^y 
j—» C-;L_i J /7J = Y kg J—,1 ^ tJ—riT u —5- A_Jai ^ ^ 
a <j1j <i c... — ) k - \/^ kN/m 

,_y — «*< ^-i^la j-»l_^ ja j »J—i C-—j jL^lol^L-^l t_gjj 

^l^.-* ,J_Aa^ jLii LL Ja ja lj Yi mm 

.XjS <—^>L>v* I j C 



A—Y • <JUw<w JS<& 




^A& i_-L<s joL_>l A-f 


|oLmaJ > I ^plxjjt A-f 

4«ji oLiL*jjl jj .oLil*Jjl .uJUa LjU oJu& js >_ \.s> ^L*a-I oLiL*Jjl ^yJ>y 

'■‘^yy j J £f'j *=rjj 3 j_y* (®) j^* oLiU;jl y aS" ^l?- y .j y$ y j\ji *j>ry zjy (x) 

•XSy UjI XSy- AJilfcJ ^ 4 ’ J* l J ,jijtj JJ* l- 5 '~»liji J yp I 

A-Y ji aS^ a?uI li ^L«^j olwsLj ,_£l jb <_Jla j»l~A-l ^yljja ,jiUjjl C-^_^s- aJ.sUj> aS^ jlo j^I y- 

y a—S” —-I l»«ijil y »olji aj 1s_jjja JCJLa .-LiL^ tXi Aii? oiji ^lijl ^jiluJjl jJ A—f j 

C—A_, Ja^j^ ^UUag- jjyj Vr" ^UuU- jj>- tijj, eljgJi c~ia ^UuU- _yX* liC ^1^ ^*—>■ jljl 

iSyii A^b-fc* yj ^UuU- yp c ... : » j yt jl aSojI ^U- aj ^UwU- { ^p*m ^La aS^ ^ji .i y>y cSy- aJjU* jj 
(_$jl—o j Uj y Oy? .xSy oiLo l_> i^>- eg'- a ‘f*~:— r -* 1 (S^.dyj* teyi> oXyy^ L £Lj\z~>\ JiUj c~*3 y jl 

.X^£y 4_j jj>- ^JJau ^l^lA Aj Ij ^j| JjUj C-- _ - « 3 y ji O-£>- ji 

aJj&La t I^A J IjjaU (gjU>-l OLiUj^)l (b) J I y> J I yj>\j jljl y\*Zj\ (a) CjjyP Aj \j iy- aSoI (^U- Aj 

c5jLa-I ^il—ajj! aI;—< aj L- JL -w a 4j*-Ai j\y ^jy *jy iXi olji *jy y A-f j A-Y y aS - 


aJLjo (_5o qIjIjo' 

iljl Aw y A-Mb .Jjj-^j j^> ji Ij A—Ma O^-Iji^j c^jjL aJLa c^j njli* (111 y^ 


-•*■ - j~ - a -—./r- J— J- J - ■ — a -j—; —-.^-: —r- —-. l _r ww J' *>-'“ 4 <; 

0 a laj'i J y UjjL^ _,l y yue> ,jj\ — . jl .Jxiy OLij ^/wl jyb aj ^jSwU-I JiL»; c-o y y lj 


-<5*S>-<!h '•? 




F 0 cos a 


jI yi ,_5j y jljju P aS" 

c °s ax 


B, " I ^| IIII ™ 1 ^K I> ^ I, * 


-4 O 



C d/J. 
P + A^sine dl \3 


A-1^ JSLA 


jl »^ U~ .jI Ij .jLij e-jl* jIAaj L (_gjLz>-l 0 (glAjjlj ^jL>ub>- «l ^^>a aj Ij j*—a- jljl ji ■ -■ y A—Me ,J5 w 


wi 


i-^Lf 4 “—^ 7 ^ ->*y s —^ J^* 3 J 3 ^ 0 — I o 0 J>\jy CSy a!:>Uj 


r^cos0 j-^Y0cos0 J-^cos0 j-^P + ^-ysin^ J-j- cos0 j + (^o coso»^cos0 j = ^-m/ 2 0 




j 3 J - * 9 9K9 


mV 


/Y mV 


jl ji 6 


c — ‘Jj S^- j* <_£Iajj?«^ <yJti jl Ip — I + md 

.C~J eJlai 

4_lulj a i a >~y Lj ,ij_j jl—olj—Ij cos© j sin© = © t_. ijAa i^Ia— j_$lj ^l^jl^a j ~ *j (_£ljl ^ 

.}jij Aj ol i£jl»- oil—* j Ojbk?- i—J j* jl jj-j £jsj>- Jil*^ iP = mg/L 

S+U+a (a-to) 

w /w ml /9 

jjb JL^ jljii« M 0 = Z^Z/ V” JijU^ ^jSIj Mo (cos(Ot')/1p ( j£ji 4 j 4(^jb" jj-b k 3y <bl*-« o~*lj t_j 

^c~$?- <—ijl?- ji (_5 jL—« jjl ' JL? ji -L*il> <cJib <>-jj .J^ZXj^ja O a]oaj J_p- «-Li JLjM ^^-jls^ 

tjjJLjl jl .Ji—U^^a t_9 j__?- Ij 0*5”^?- i_..>• »—dji ;jJ^J iU (Jil*j Jl?- ji b_j (^l*jjl aS 

,0-~J J 4j j?*j ji JjUj JU- ji l £LJ\Z~i\ ( j\Ajj\zZ£ j U Jj^ ijjj 4j (^jLi 

,j*>Ui'j! 

i^jjl^Lo> .xi_w~a -Ujl_«jk tL 5 _k>- cJL p- (^Ij—> A—j A—YO JiLt* ^ ^j| ^ 

r^V 


© + 2C<y„© + ft)*© 


AZ 0 coscw 

' V) 


(A-YD 


4—; (_$1*C~> a 5^ ^ j£jl?- L Jais I Ij A—Y" j A—Y ji eJ-i £yl»a JaJjj jljj^y* <?*~j ji 

A-^ 1 ^Ijji <1^* -Sjj^ J* J* Ij Jjjj ^jal jl J-^»l?- ^ba jij Jj-^>- .•>!•> jly eili^-l ij^a l^l ^yljji (^bwn ^U- 

■OAi^y. jLU 


Jsul 5 j 

( 4,h,...o (_5l_^) (^l^^lj -lajl^j 

„ , c ( A: f 0 cos(U/ 

e + ^ + « e - M oCos<a 

mm m 

mm I 0 

(t) n -yjk/m 

ft),, = fok/m = 2y[k/m 

2 mO) n 2 yfkin 

£ _ c _ c 

2 m(t)„ 4-Jkm 

0 ) d =0)„yll-C 2 =-^—>jAkm-c 2 

2m 

0)j = G)„ Jl — £ 2 =-^—^j\6km-c 2 

2m 

x c =Ce" ffU "' sin(tu rf r + i^) 

9 C =Ce -c ""' sin(ft) rf r + i^) 

x p =X cos (a)t-<t>) 

0 p =©COS ((Ot-0) 

-”(fl 

6=4^1=, 

l * # J i« 2 Aid 


j ^l_s e-Ujb^ jl» jjhJS (Jjj jl j e^jj A— Y “V c~)U _^>bi ke j^ca ijji Jj-i^r 

Jj 51- jjbb^ 1 ^1 t c~^l 0 <jjlj aS’ ^l?- t^l^ .0^)1 o 

M k = —[fe(2//3)sin ©][(2Z/3)cos©]= ~^kl 2 j© 




?AV A-f 


Jjl : . tff Ja—*_jJ 4_S" Mo/kg *£ JLJL <lili <Pry .}}£\j» k 0 = —k[ 2 As^j ji 

Mo OjC ^rj&- 

*j-*rj l >—<-£» tv_~Ls> ^bujl J ^.P a?. \y* ijj$ 

JJLwo y oNibo. j^jjl C—X jl5" «.cJj j> u>.yr** j~*> 0~>- j' <.»j$& 4j .ijli 

..u^ uL-l iJjjb ^j»j^s- <»i>- *S Ij i _JL^> ^L^>-l ^ibjj! 



3 (jilsJjl _ J^i9 fAA 



A—Y 4j^oi 4 jl*x 

jl^_S ailil—»l ijj_a ^jijt—ajl ji ^ t_^jjl (_^J jl <_glaiLj ijjAj 

JJ aijjl C -Jl; Ij j>- 4Jil*-« .C—I aJJj eili (jUL> ji ^jSt^ 

A—i G j—^j* Ij O jl oJjjj£ jj»«^ dj>~ jL*jJ 

0 A J 0 Ij—wljJj J C—»*1 a-LJj ^jlj O 4 la<> jl f ~ */^ m 4-L^li 

''y . j_jif _^aii j~a (jlillL c5^lS ^h . / »l jl Aro = */^o m _^l^ 


tS' 4 -ijlj j.^ <5 *ji “'j 3 ^ jjl> <j Ij j,—= r iljl : J>- 

al& _ O ji 0 !■■( >■ (* - -<J iC mi ' C-«L« jljJL* (_gljli 4 ^" 0 

4_S" c—-I ( j-jl (_£ J_<u ^Ji .C—I iC~f>- ji eJLi t—>l>«i>l 

.jv;— ij^> Ij J*~ <1^1** 

[iM 0 = / o 0 ] - m# r sin 0 = m*00 ® 


0+-^r-sin0 = O >—’!>>- 

K o 

aJjLw j »*f-> sin0 =0 <J—il( i_£L>-j_£ 0 <Sw J y*0 ji .C—-I jl Jis—• ijvS’U- <»JiUa *S -L-£lj 4i^.lj 4 >-jJ 

.C~Zy Jjj Ojy 4J O'j^ Ij C-f,;- 


*0 

jjj Ojj-^s 4 j <Jli (. 

/.iE 

2*V*o 


■i j ^ •*?—^ ^ a- 3 ^* 


T _ 1 „ ^ 

T= — = 2tf. —=• 

/« V gr 


7T. t*— 
\ (9.81 


(0.95) 2 


(9.81X0.9) “ 


j <L>- jj 1) 

VL^ 

JuJLo OlSo 


./jy&U&j f&>lB i^/& <U)bu j) 'jf/A (jlil/b Oy y O x (jt&fJjudl (_y/ nJyJ^ytuuf'jJyA (jlyie- <U O <kAi <. ^to'l b 0 

Of/^ (jT/M )j 9* iS9*X (J 1 / 1 <-/<///y> <-r > bu) Jj 9 r )9i/ t (yuxi n/fj (Jkb/ k biOLvyi (jlyj Q 





|»Lo-l (jiljujl A-f (ji^u 


A-A 4J^ai aJLLmuo 



— j ' e-l~- j* J* l Jj^ 9 J m {j>r oJL* 

c5^— fjj J--a^ ^1— £^ a ~" ^ ^ ‘-'i' 9 ^ l T^' 49 .r* 

J —^ L _ J —aL? 4_^J t J_J;L t y> & c^jlJ (^|j|j ^ jl c~-lij C .w jj 

V-f«ab y B = b sincof iiw_^>jU OS'^ jt ^ ^ c~-l ai^ 

-Ij-ijy* ^J-LU jUijI I—.■—1 iS C0 c iSy*v ji C—il 



•(*t*~i^ty O Cull <JaAi J_p-1j o $j>- :J>- 

( k— sin0 ]— cosO-ki— sin0-y B |—cos0= — ml 2 0 a 

{ 2 )2 (2 yB )2 12 

: (*d!jb J b^UuU- 0*Ji y>J* Ij 


x 6 k n 6 kb . 

6 +—0 = smew 

m ml 


— -A <ij-» —-I J£«i tijj jl d\yy b ^/uA y Q 

.ijj\ 

(O n =yf6k/m 

(Ix^^y. y li Ij 0 AAjS' y>ji *S) Ijj Jjkl_p^ -b-tU jL_a> a> c =(O n = J6k/m ^1 Jjb .-^1 _^>- 


JuAa ot5o 

•f^-/^y> A /> b d>l* ou*s>» <«/ t^u*u/ OA Jl yb (S^M A*? «Jd pju* 0 

*-£. Wn Cjr*ub (julLS^i ./ubby 1 0 =—ml 2 9 Af„ =-^- if'/wby 0 + 0) 2 B =- <[ ) y )jjhw) (JJlZ Q 


&! A. )/b (_j?A (j^bSjje-) <tj |«I uiuu 



^loj 3 J - 


A-*\ dj^dOJ « 0 b-MdUO 

C_»Jb cjdp^y ^ijii jjA; aS" Ij ,_j^*-«> JJ-L. <dl_>X~<l OS’ JZ~ *bl** 

I j VO N/m jS c~>U i'/o m ^Iji-! j-U-i ‘°* kg aJIji^.1 ^ yr £ I •-kjj' 

j"”’*’ ' t c~-I i_j jib* k JLiL 1 • N.s/m ^1 j^a ^.jb 

u. jj, ( C ) 

I y* zjiji (d) 

1 U j f = o ib>A y j x = -*/Y m c~*S j* j} o j£~- cJb- jl <Jl>uJ jj ‘Oi* ^ 

.OjjjI C~-Jj jl«j jl Ojj^s 


- Fr- — mr 9 
2 


JaU? c **«3y !_. 

N 


jl y ajUi^l j c*£y- j?i» o\j& <> fi>\yty L> 4ilji-»l 0 (*■* j x (*■* : 

t C—-I C-JU jlJJU <_$ljli *S x jbi* ,j\jj lj |^lj^ j taJ-i x jl Oj_^ 

_Ijj yi <S£y- Ji t<bljl»*l (_^l y 

[ZF, = mx] -cx-kx + F = mx 

[ZM G =7(9'] - Fr=^mr 2 9 

x ^->1 jab Jy L .xiL^ x = rO Ojj^» <o ^jiJ jj.b cJb- 

ji OjL-p a jjj y . F = -±mx :j*jjb .jj\xsS JaU- ja <d*lj 

m : ^ ^ :^jjli JtalJ£«l ja -dal** Jj Udl jl J eSA&wal (Jj^ 

-cx-fa:- — mx = nix L x + -—x + ^-— = 0 

2 ' 3 m 3 m 

t (A-^ a bl»j) | j. a jl^jljblloxt ajjl*« L Jy 4 .«m j Iaj j| 

, s 2 2 k \2k fr75 . .. . 

(a )(u„ 2 =-- (o n =Jt- = J-tt = 1 rad/s 

3m V 3 m V 3 50 

(b) 2Cw =-- C=~—= -r^ = 0.0667 ^l^>- 

^ b " 3 m b 3 into. 3(50X0 • 


" V 3 m V 3 50 
C=-—= -7^ = 0.0667 

b 3 m(D n 3(50Xl) 


•XJ-L^ Jij Cjjj~0 4j J \j~* J>J j' 

(c) (o d = «„Vl-C 2 = (lWl“(0.0667) 2 = 0.998 rad/s v'^ 

(d) r rf = 2 nl(o d = 2^/0.998 = 6.30 s vlJ^ 

C-S'^ aJiU* ,^1 ‘ A-U aJjUa jl 

a: = Ce~^‘°"‘ sin(ft) rf / + vr)= Ce" (0 0667Xl> sin(0.998r + i/r) 



t,, J < /> A-f 


<U X < ° (jljl <U 9 O-Ujiy 


x = -0.0667Ce 00667 ' sin(0.998r + 1 //) 
+ O^SCe" 00667 ' cos(0.998r + 1 //) 


C-Xj AC j X it = 0 <1asJ Jj 

ac 0 = Csini//= -0.2 


i: 0 = -0.0667C sin^+ 0.998C cos¥ = 0 

¥ j C i<jji *JjU* jj J>- j| 

C = -0.200 m \j/ = 1.504 rad 

S-j <> OS’ 

x = -0.200 e*° 0667 ' sin(0.998f + 1.504) m v l_^ 


Jufto Ol5o 


CM-uj <L/ 


./«u(/ AC (/ (jLJUluu JbU <0 0 OJM <G9/f/Su j) lZmU P/Jsfi’tu/ C*f& J) 0 
<-W? •* > ° isV V *&k/> k •)/'j*/* <-W? 9) /> OVcy> (/ ^ 

•Cm>1 F “ ° i/M/Ofjt X « ° ^9* 9 /"'b'ijA t -r^ CMjjj 


o 

© 




3 (jiiLwjl - J-a9 Y 
















A-f 


AW >• l^ 1>*^S' oUL*>jj T A-^ * 

lSJJ j-! lT 1 ^ Oj-*—! C-S'jP- jj lj r £bui J 

•Jr* j*^ ^ 



A-*\ • 4l?i..< JSLui 

*—; jJ.J l£_j jl Ml ^jJf <j jjXa £lks A—^ \ 

jLSljb i_SLj Jj (1)1 O j-SjA J aXi eX^j Oa-l_ji£j C-»l>w» 
ja-iL* ji a—iljljl J ,1 \yj *S ^ Aj (C.^1 aXi jl y* 

l—* j 0 = 0 C_j*J j J cJU- jl £-lkj ^£l .XJ jL »jj 

ij x-S’y j-—;i jLi *j>\aa (j—^u b (Jjj. 

C—J^—>- I j j-Llaj i_SL_>-_j_S" oULvT ,.U — jji; 

.Jl£ ^0=7t /Y 



A-11 4l *m» JS!w 


Ar* J 3 t/^ 5 ” Ar* ^ 3 / A> j'^V A-AA 

jSJ» £-lijjl .X~il aXi ^ilj 10 m ^Lk 4j ^jJjbta QjA ( *Jaia 

1—; {£j-^j* -ki 1 A/ aklj t( _ 5 ZJLS’ h (_£jjlxi 

j-K" ^ kX>b- 1 ^ J 5 " kjjbk ./> ■!»>■ 

•Mm j_>l_^ h j <c—job j\JM ako ji jl (_}»••» *£ i 

Xajl—iLa _} aJ_j_) jLa_^j Xab *S JjJy0 jJ .Xib^ya 

jJ*!—jXi 4j jLSL t o y i ai^ j~>-b «—j! 

j j—L=r Jj t/XS" ^ki* ^k- Cal^~A; jl .X^" Ij jlLS 

i^Ljp x j j—u> 4—» I j jL J^b>- ( _ y kLS’ j eijS’ _^kj jl ^_ke- 

X_jX ^k ji £jaa ^kia ^k* l) k jL 



A—AA 4JLu JSLii 


—ki I—>xl jJ ajl_ IJ} A—ii <1 ‘_ a _A-A^ 

j_j-—«ljij ^U-i j /Mr ^sr l5 ^AB t^xJ j?l .i 

X jj_*i• ^—~>- j_i Ij X_ ^j^~ <Jika iXil; O akij J y>~ ko 

^^ J 3 ^~*' 3 'J ^bL..x^ l j i M 

.XwiI C aXS^ i^ l j X a 

[ m ’V'”' + v m ^ + [^ c ] i+fot= “ ^ 







^loj 5 (jilijjl- J-aS 


J*3 4j Ij ttl'x *J J Ow*JU X V y » > * jJ 

.yy l5JJ 

x B = b cos mt | 



A-lf <l! i .n ( JSL£» 


Xu - b sintur i_£jj*jLjk ^L^yb- fl <jljl <• A-^o 

J u£jjL_j 4— ly jjjjLij jL -.y 0,_$LjL 4_l*b .i«ib 

.J j j j I OwJj («JL«i jJ—<ai» <jljl 4 j P * J a A i ji 4 ^ Ij 

J_^ai» jJ i^L£k*l jl j «ij_* ^j£ Ujj *S Jj£ ^jt 

•C~J JSLl j~ij djX> 6 = o jJ .-L^ - Jab^ 


r 6 

- a 

Y / 


V ml 11 



Jj—>■ / y*yjl JU-* j m <j jj *u lXmjj A-^*\ 
ciL*i j *JLi *:>!:> yy c$^y <j ^y y jy** 

<-j . c . «*l o jl^>> <ob >* CoU k-5*jJb 4 —j ij>* j*j 

^y^cf 4 cry J 

-0 B j +0 O +j 0 Olj> .«*» U ^JL>»*j ^jilfcj jl v,L»pL Ij 
JjLm M = JGO / L ^jLL* ^JL>«-o jjliJL? l> C-^Li 

jJa-M- ^—Ja3 ^y^l jU-« J jl ji aS* CvtjU* 

^j 4 L _JjJ— a G ijl jj 2 jj—>±» Jy vI^iLi ^lad* 


4 _j V° 4—Jjlj Lj Jl x.^j j c-p-ly^j 4 JL 4 j$ A-^Y 

jl o-L jj£ i yj\ jy Jy j£-i <Jjlla4 j o-Li jiy JsjJ& 
L-pL> <S \j B iSj —L (O c (y^y*d y .JjloJLi O 

d. .ifAj j - * il__j j ^3 <p j*>%a oUL, jj 4i«b ^ y**t^ 

.JLilj^* WI e-Li 4 Pja>lJ fy* .-Ljjl 



1 .j J Ttl ^y 4 j cLp*ly^J J j)j? ^14^1 yil A-^r 

Jj-Lj R £U—i <-j jjJ_* c5jj y J* r 

c^~>•^-5’ ^1>4—L«b 4 _j j-+a>% l* C»..^y ^1 .JLiIp^# ^jiyJ 

vj --L^S^ I j oliL-rf jj T (JLJ^Ij 0 — 0 O 

i£j-£ j* Ja->- jl j j— ?l p 4 j I j 4jlyjf (0 c£^jL) k — ,,p y 

ji 4—S* 0) n Lj 0 Lj Ij 4jI y-l tW .j—51L") JjjjI Cw*Jb pJli 

.JL^X o U.lL -.j l S jl^J ft-Li l_ij jfu 

.(c™j -uly-l ^Iaj jlj ^jI>*jI>- 0 *£ -L*iL> 4ij»b <>• jj 



A-<\r <H-o JSLl 


f>=r lib'- 5 j Jii 1 

j^Lj c— > >J fl ^j-^> £ I r £l*—i j 

Ij | »i_ \l£ y*- oj*? jl^5 4 eJ-i »ib jLU i_$LJj*jIa 






m J5L- 


J—£jJ ,JSLi ji ► A-AA 

B J .1 dili j1 . * . I B - --■ A Jj Jbtl pi . L jjl jl yS 
J——»1* ( J—•—jjl A t Jj Aj t_J U g CJjj-tf Aj D t [y~j\ jAjS .Cw.1 

A 1 t_A—> Ojj—5 Aj i j>- ^If-I C — »— i jl UJ—S”l j»J .C—«l 

«ili jl*— J— S\ Aj J *y,j* O Akij) Jl—J- aHa U^>- 

jlilj I j ^j_>- («JLU «ili jLU a_ili>«A .(«JLt 

J fcy 3 ? ■■*—jJSC—- oJua ji OS’Aj 

Jj —>■ a t-ytsy* ^y*r j^w* j A/ = 10 kg y\j> >_$L.i— 

VI kg.m j —<1 ji G ji jl j_S ja jl AJUjjlS’ ^jJai jj->«A 
Vij-* j S* • c *- 1 fj^ •■A-ilft/* 

j it = A/Vo kN/m j _ ,\ y _ _Jy a _, ^_i S*S 

6ib jL— JSL-i ji aS jjkiUA .oiJiU^yA c = YV • N.s/m 
iJ^pLj m = •/Yo kg jS"^*1* oijjil Aijj ^ ijiy* ji a»Ji— 
A—J aS’ fi> C^^*Ajlj C»£-j— lij— ji jj^jjll—I ^jijjjAli 

ji C-Sjs- a_j Ij—I—J (j-JlSji L JjU; jT i$ljl 

jJ—A>- I ...a jjl t> jtlllA Of j— .Jb jjl CwJb Ij .ul JLaI yf- 
a—S" j— jS ^j-i .xxS ij £ ^.ijs-A c-—; *£ —-i 

J ^j^L-Jjij Oljil j SijJ «-S^-jS (^lAjjlj (^U^U-yU- 

jl ujl—I^-l jjialA Aj .X J-~AjJl jl (j-ili (jiUjjl Aij?jA 

A_» «il»- a_jjt jl aS jjilA |*itf ^jjJ jl J^»U- 

lXi J j jj J^«* jjl AS’ ji iijJi^jA i jl j 

.Xjl^a jl jj j I Aililjl lA^j>- a£^ ijli jl ji j/NL 

w = W'H rad/s j v = \ Y/av km/h ^-1^ 

c= vow 



A-^A < U >ma JSjii 


j_» ^jl-^j A_jjlj 0 iCjj—ijj L ji_ij JjLSj* ji vI^ajIaa) oiLi 

(_$Ia ,la;lj .J-iL^jA »Xi aJCL>vj djLj Jji> L, j jLilj 

,jiL«Jjl/, jjA-Js ajjl^ji liljA 



A-«\f- JSLi. 

\ ^ <IjL —4 -H>- rl^oT)) A—^V 

i^-Ail 0 J— aaa a_S" ij—^ ,C~-«I oXi ^jk* 

oljii jjl- j XIa^ ^jilj c*jli J-Ajjl Aj C--J 

olj_Si jjl- f j*- /jA .ij- 1 ^ m fyr aj r -»- 
Aly j—— I jj 0 A.JaAi Jj—^ jl j j»—— »l jj j ^Ia_— j «i j_j G ji 
y\jM=K9 jjlUtT JJMi jJ uS: .JJiL^ 

6 j jli C-»li AT jl ji aS - XS - ^ JLvpI Oljii j ji— 

J_-a jjl j^l A_Jjl jvjli C-JjA jl ^Iaj jlj jjiUuU- 

^U—jl jAji Ajit»A tii jS* I — As jlA O OkAlftlS* C—)U v_jll— Ij jl^lj 
a J.*—^Jj—^ji j' ,j~i 'j ‘jjljii jjl- cSy 
•■kjj' 

+ £0-mr(gsin0+ acos0) = ° ._jlj>- 



A-<W a1:...o jsji 





J> 1*5 £—L j J *** A 


lilpl A-A 


iljt 4-o. j _xi_jj A_J jj JjJ _jA- ^ji j_ jj 15 <Jl*£-l L Ij i J~*-‘j* ^1~jH _^>- OVjUa 4 A—1 lj A—Y l $Ia ( _ ; 1A; ji 

A_U>- jl t( ,->- Jj ijlJ (jbj^ ^ ./' (*-==—iA>J oi' L L> W' J ei JJ^ C~*>X> p >■ Aj ijj tjlAjj? 

jl jl jl y^y j aly ^1 y* y\ l^jl ji a£ -Ljb ij>-j tgil j J^l— 4 .|*J jj\ C—-L; lj ^ISUa^al aXS% \ Jt » <_gUj jJ> 

A —; UU- 4^ I j (_$Ia> J-^al 4 < _^J Ia ^OA>- l—.1—1 JS" ,_$j ^jl 4^ •* _r^ 

jjjl jl 4»Lilj oil—, _y>jlft ^y jl j9- aS ^li^JA 4i_^ JLtt-C-l OS”4bL*A 4 j jl y^ Aj~y ^IS (_gLlj^ (j—b jJJi 

,cJj£ S^S jA»Zj I l y^ ji j'^cf 4 J*4»l 


C*fj-> dJ^lxo (j—JU 



:4>« ;! xj ji .O — -I yboo jt»j 4 j 


4_£ S-Jj&j J-laj ji lj (_glo.il— cJI— 9- IjLol 4 ( _yi_jj ^jol ^jJU j jla’ .o 4j 

jj JL_> A—W J5Li ^jjpao j 0ij_j J_—al^ & C»jIj l (_g4 j 171 ^j>T *i 
y-i*9^ '— , l— 5 «fcjl Lj JLjI— .XS^ jl 4^13 jIAI«I ji 

'•^Lf* U^7 iS'^Lj- j cib—’VI (jUjvi^— JS' J—Jb (jj^l 4^1^* 
V=V e +V, =^k(x + 8 st f ~^k8 s I -m 5 x 
jib jlj-5 L* .c—I -lJIjI L# Swb—I ^.L^lr 5 st = mg/ifc jl ja ^ 

jb ji/ »iL. j kS st = mg 

V = -kx 2 
2 

-=— (jj^' Ji J 

7 + V = -mi 2 +-kx 2 
2 2 

O —. » jl (j fc.i i,o iC~.I OjL (_gjljA« T+ V ^lil iji 

— (7' + V)=mx3c + fcci: = 0 
dt 

:j*— v —^ t jJ*bil jljii 4j AT 4_j 1 


mx + fcc = 0 

.jul C..-«»Jb A-f i jl»-* ji A—Y ji aS v. 


^1 A—^ aJ^Ua jUjo a£ 


(jjUi jl (jwjlS* jS tjrtA M 

eili:—-I ijj-x (_y—b>- jjlj_ r «^ <-Sj J* L OiJ* 4 V ^-4 J T ‘j'j^cf 4 j«^*A lj (Jj_^l (_$li» 

oil—. j9- 1 a£ ^JJ -4 .J-il \Z*Sj9- 4jil*A ^9- J jijjl O—JL) (_gl_^j c5jlj A^jl jjJL) 4ib jl y 

cgj^l Jj jl jlAio jl i£jy\ ‘^(^ «jlbl X ,_,ibvl>- *£ jl t-US^^4 JilAj d.~4.«J y* (J j>~ 







ji J^—ub {£jjJ>\ J^£\y>- j jJua *—< x = 0 <JjI*J jj ya jJ^^Jb J 

A=r«b ji - u ^’ l _^ ,*s" x = x >™* L*iW«b- 

Tina* =V lmx 

.xiL^ ) 2 j^jj J^b £jj\ jlxi. y j rti(x iniX ) 2 ^1^ ^jy\ j'Ai. 

iCxijJ X = X ntK sin((U„/ + 1 ^) Aj Ij ^jjl>»jl^ A^ jb^y* ( A—^V (_^»j^*jIa ^jLi jj ji 

lC.«.*t»tjl j* ^ .JLMj X max = W n -^niax O-jPaS^ {£jjb 4j 




: (*ijb L*^ J b ^ L$J^' *jj\y jri' j* (J^bb lSj_^I J^i. otj^i cS'j' *i Lft^^r Xmax O' ji *$ 

Q)„ = yfk/m 

■>S. J**- b? 4 ^ u-bjl j* ^jy* j a O'j^ 'j o^j* jns~ J^yj y) 

J 8i J-y <_5J'—b f »- : --.^ *ijfr* *i *5 aI~J 01 yj\yj~£ iljl ^iUJjl ijy Ji (jjjJl O-j j* 

7— 1 J* cSj Ji — 1 Awjj *S p*Z>-ja\ ("\ J-^i» jl W J *\—*\ ji .XjJ^jA i_jL~P- Aj j~jaP j* j> Jjlj (^b yy A-iS^ 

jb“* t 5 jb~t jj y U' yy\>- yy iSyji> y -tt (*-® *'b^' LSb'- 1 ^ 

ij r+v js ,_^bi 5 b (jj^i ^ u ot oab 

A—J tC—> jI £/ = 0(1)1 ji A —% Ai^ijjj JV-A Aj Ij (_^iljl A^-jJ (_Slj jjjlj^$bLSb ij jJ (Oi^b 

b—-Xj tijlj ^yjl —j jlXi* aS” JS’ ^^015^ jib jl^3 jiue ,_$jl —• L I jj\ C^y aJjU« d^yiy ^ib. 

: fijb - J Jj' 


dt 


(t+v)=o 


■ | V^ > ~y i jb J ^y*Sy» li C-.'jl V = V c +Vg bt)jl ji 

jl (ij-jb> p ■.. > • (_£j XlibA ^jiUjjl (jblS^^5 iCjjj j»Jk Aj *.lj^-l Ij ^jy* J j ‘(j^^-® 

C-i*ijA ji aS' O-Jj JS" J~bb tJjf\ JS lx>- J JS' ( _ r b^ r ( 5 j^l j^IXs- Aj Jjjjyi Jajljj jib jly ^jl^j 

A-S' C--I Jj Ja_A3 ((yuJs Ji tT’JJ (jd' f 4 ^ J- 5 J;-bb cJj^l (Jibu 

.SSy oib C-5^ y- L *S i jJj 




j L J jl ~ V ♦ ♦ 

A“V 4j ^dOJ 4 J UL*mmuO 


to J_i 0 4 La.fl.'i ja *£ ^£w< aJLo aj m ^y aj £ iSjfi 

.0—1 oJ-i ax— l.l^L A; ^i»«— l» j^jIS ^is Jx—jj A i_$l£ol jl j oijj jJ-aXo 
•22 £^y L*j j oJLi oi_^ <_bl*j O—oj^ y_j aj y a ojlJj! aj A <_£l$xjl 
^—S y AJal** t^j ^jj <S~*£ aj .0—1 ( _ ? $o>-jS' jljxo _y 0 

(O n 1 _y- * - ^ J g ( j - ' I S jj j^lj— J 0,3 jjl *—■•——X I j a_ b* — *?j$ i^Ia jl —y 

•‘■x- 1 y)y “kjj' c—O j (^l-Uajlj yj jl ^U^l 


m' == 'll^ j o—l JaUl OL y sy jl t<i— ^l^xjly ^LjuU- { Jo>o^i :J>- 

m A J 

JjUic-u v ’-lyy ir^y U- jl J^>U- ^J-—5lxj ^j^l j 

v-v, +V, =1 *(y + ^) 2 “**2 -mg|yyj 

tO 4_laA> Jj —>- U jj \".!:S Xj \y 02y aj *~ry Ij .J—L^yo Jal*j <Jl>- ja ^SLjlx—I ^UuU- <5^, jl ja aS 

:j*j_jb jl jJ./ oat- j V aLjIj ja jlJx. jjl jab jl^S l .0-1 {b/l)mg = £<5 st L ^ JalXI JU- ja 


A v *3 

O *\ 2 


:l» 0—1 y)y <oX— 1>*jI>- O y * *y j2 ^y. L o- ^J^jl 


r 1 r*.v 

r = — m —y 

2 \rj 


J£—.i— t^J^Jl 02 y OjU l» iAs^oj ji .J—( b/l)y t^b—Ij j2 m aS a y^y aIx>-^1« 

: (*^jb j aj-t^y. ya jUj AJ O—J jl 


S + Vm y = ° ^ 

• I j cJi y ( _ r O\^ji |»Xl jj^y t A—T AJaUj l» AJaU* ^1 a^— li« jl .0—1 oJLi t_jjb- y (j ji AJal«u j 


jiJ 


ft)„ = — Jk/m 

b 


y - yo - ymax j 2 Jr-Ibj ^ j j\ j£\Os- L y = Oja L /oy ^j _^l J$\Os- jab jl y ^jL— jl o^yy I j y 

:Aj>oj ja .ajjl O— X tO^1 j£\Os- ^jbub- aS 


7’ m ax=V , irax JL*a - ; 


1 b. V 1. 2 







jib jl j-i L . ^ mnx = y mm 0) n :c~ib j*aI _p- iC~.i y = _y imx sinoy Oj_^ aj <-£j jU jL -j aScI aj ^Ss- L 

: I*j jb (Jjy\ j\y 4 -^^*- 4 j* j tjd' 


1 (b V i 2 „ i / rn~ 

—m —y liaK co„ =—ky ,nax ^ (ijy* 4 j o) u =—^k/m 

2 [ l 2 6 


V'.*- 

.c~J <_jI_ y jLa aS - 

xJLo otSo 

a^uiA (hi b flj 4j J>#/A <kjJ/ if JM1 /Alfi LyMH <4* (S&il (S^/ib ‘ y '—/O^ia (_y/;/ <C/ 0 

.ju&U'fjt (J)bti <J lZmjuJ (j/tyta (jluA <^lZajjiI lZa 1& (yl <l (Jj.nJCu (fJ/JI «J Alt;/, ^ [ *t/b 6 /^.9> /> © 



A-11 djyoj <UJmmjO 

J* Y kg f >=T <» J^j>\ 0),, ( _y*-J? J^JU C— I 

.Cw.il eJ—1 J—VY kg f 4 —i C->-1 j^j l5cJ ji Aj A^ pJlj ^Lc-I ij 
A j ^.<3 La jl3 .C~9 ^IaaL* Ajlia Aj ^ J Ul_£J 

ji ( _ r Jiil Ojj _f a_, a_L« ji j oij-> k= \/o kN/m jAy <uL j *i£> 

XAi^y ojLa-1 Iai_SuJ ji B i_53a .Xjb jl J» Jil*J CjJ ji 

y_>-l; tCi 1 y- XS - ji cS'bUaAl jJli .XS' c£ y» a3_j 1? IA ii^l a£ 


: ( _ j aj .Cwil ^I^j 1ai_£cJ Jjj _j V kg <i 4ijb Jjj L P i^jbL» tJiUi C-. « jj^ 

P= 3(9.81) + 2(j)(1.2)(9.81) = 41.2 N 

Y\/Y 

<5wjja .XiL^* 5 st = /y^r =-— = YV/60* r ) m y)y j-* ^Ljub- ^1 (^Ijt ji 

Vfl(\* ) 

t5jj—'1 ‘C—-.1 jua ^j^jl aS^ 4,1 ’—’b^l C~. o ^o jj-jlj C~ w Aj ^ jbC* 

:C — 'I t«Xi IaijIa- Ca^j ji j-ap jA 

V e =^(} ; + ^ s ,) 2 "* 5 a =^ 2 +^ st ^ (> 3 ) 

= I(l40 3 )y 2 + 1.5(l0 3 )(2740- 3 )y 
= 750y 2 +41.2^ J 

V g = ~m c gy = -3(9.81)3; = -29.4 y J (a5>) 

V g =-m,g^ =-1.2(9.81)-^ = -5.893; J (^c3 y.) 

cjj^x;! ji 

V = 750 3; 2 + 41.2 3 ; - 29.4 3 ; - 2(5.89) 3 ; = 750 3; 2 J 


O 



£-1* j u-LCji - V*T 


j-il .c—-I j\xJu (jljb A_j> y o^— 4-S" £y JiU: jj cSjyl © 

jj jj_l? ^jl jljJ^ Ij i-&J a5" aj ttiy C-t-j— jj-b A5 (^Ial^jJ aS’ c~oOj^ 

v -~ <> ~“^ ./* (_r~r^~ c5j>^ ‘A>vj ji ,X$y> OjU Aialj J_p- lS^jL) C-c-j-o Ij aS" cJ^ ^laj 

T = ^m c y 2 =^y 2 J (a3>) 

r = i/ flft ) 2 =i(im,/ 2 )(j;//) 2 =±m,y 2 (cicJ y») 

= -g-(l.2)>’ 2 =0.2j' 2 

tlr^T < - 5 ^ J j /J 

7 -=!^ +2(0.2 j’ 2 )=l- 9> 2 

A—la»lj jl A_£jj_jI s A _1 . 0 —^<1 j’ max = ^maxW,, :U>«jT jl j jU» }> = j^mx SHl(y,|f aLjIj L iSLjjaj[a C-Sy>- © 

m -rJ* y=y™* ^ ^ T ™*= v ™* 

l-^max^J 2 = 750;^ L <y„ =^750/1.9 = 19.87 Hz v l_^- 0 


.d*u ul (^j/6 <j u a. » > A; (jtlylf '-£*cu ojl/jl <0 1 _Xy y-A> j»yia a//u!<6 titi/l) 4&ji 

•)fu/(jA /&1& V =jky 6)lu/ CJypfi <0 (JL/^tjLu/to /) (J>f*7 jl C^f/A y yuaui (jLaLm <tAu) <sf «u/^« 44 y a,&£> 

iZJrf/io hujJ y) ^LuaI 1 SJ Ia'uui djjfij y) U (jbtif 

(®/U (jL 4 ^/-« /7O tt_ii ,<C-w^u <t/ y/ (JJuua (jft&jQiuLUi/ 6 <vJmxa (JSLua /)/*> 9 kyjJ y) (S//H - yl^(j^9/ isk^ '-^s) yj&A *{ 

/l/j (J u, // J . )/9* tl/Al <sJ/A ypllujf'y Jfjj lZj)J)l>U> ly tsilmyi (jll C^fA 

~ jl ■—(y y-* c slfylj *ak(j* /) 1 /juSjIi <-//j{ CjOlxup 4i a!) 


'-£. ;/ <^A+JU, 


ylo.09-y 2 


.)/\jtjjoy 1/Ji (jif/fjAj y •■ jmax sincur <thji y 6 j >ui(y> /i* 



V*T J5L-0 A-Aj^j 



A— I * 1 4liuu> (JSLii 


«j!J_>- * — 1 1 J j tn aj i yp-\ ySJ <L* A- ^»Y 
•O—-I »J—i »aIa ^yyr l £l*-i (.^r - j jj-L* 4ii>- ^^JlsMa 

obi—T ij-ijj .Ajb jl j —5 4jLU- £y jz <L» £jz (jjljiJl 
4-S J— ..' S yiL-p- jA <JL» pJl» C—«i y J y Ij i_$j*-jS 

.JiLxj ^1 ^Ja^. fJjj Jj y-jii jj-b *iL- 



A-l -Y <01— JSLA 


jl j-£j l—>ol jz A—AO j\zjj*jjj A—^ *Y* 

I 0 -»*A_y» jA 4 _S ».Li |» .taV' t£jjb ji J. 0—1 «JLt 

jjl—; j •<0~»l JjUJ Jb- ja jjl» i»xi oita jLLi 

4~j>b«^ Ij i_£aj-jS oULjjj f n [ y^Sp j »A £ j]cCZ 

•JL^ 



A-l .r <li—JSLi 


jJjLuuwO 

A_0 tA- 5 ^ J j ^ iSjA tA^J 4 j Ij Jij Jib-*) 

(.JL '£ J- ..JL.I 

^'loJuu JjLma 

cr^ >-* - f-rT r~i*- ^ ^ <Jr~^ c5jA ! A_ ^ 

JC njl 4—^ O-..*■■»i ^ *MJC <Jaj!j Lj (Jjj l — — p- 

Ax 4_lajlj Ij Jjj ^—•>■ jj T Lf Z~~>r ijj j I .z yy 

yyj ^ ■■■■>■« ^1 ^ Ij OSJ^OlyLo aJaUo* ,o»I »-Li baIa 
Jed t^jjjl k-*^ljl jl .XiS IOj Ij (jl (jL-i^j T ajj^j j oa jS 

.JUS 

3c +Ax = o jT=Y/YYs s_jIj*- 


Ij r ^l « ,.< 4—; ySL jjO 4xi>* T ajj^j A— \ * • 

^j-ol jj_J 4 _J Jj_P- l»S —>.jS oIa Ij 4S uJb- jA JLiS jj—JU 
.-lS jL-jj 



A— I • • 4li m « J S L l 


^-Ix.-.i j tn fj-^r ‘ r i 4 _j jbc^_j j-A—^ ^ 


.xsis-^y jl-A——0 qL .j ^jj j_j ^J—iJ jj-L-J /: jj**-I^J j 

k = 0 j^IaoJIa- j »z^ yyj Ij jL-jj (j~jl^j® 






5 - (oIAA J-a 3 


ttl\ J l Jjl® J *-^ijl{ *4* ^ 

■C_.1 sJ-i tfl\ ^J 3 ? J Aj 

iJL—il; ^j_Jal_*J C_ ^.ojj s_L_Ji »ala jl_ JLj /I 

oUL—G) t£\<-ij\j C-e-j-^ ji—S’lOa- j ( 0 „ ^IS ji 

■ J l eS 0 jJ-rfUL* (J J>~ Ij 0„ 



A-1 -Y «di—JSLi 


j m ^ j—>■ <u C—i_S^rjL <JL* _ja A—\ *A 
jl ^_i ja jjjl—J 0»J *jlaljl ,^1*1 j |*jU ^UjLi ja L J 
.J — , .'. 5' t _ r < OS'y- JSLi J^lk* A: <j <-£. j> t»ajJU ) _ J i i j 

(j-JLSji iJL-llj ^^JLol JaUJ ja 0 = o o»*Jj* ja <L* j?l 

. J.y.S jjjjoj Ijjl jS oLilxjjl <y„ ^y » .>Jg 



A-1 • A <!!*•*« JSm 


CG,, ^^—iljja ,_r-jl-£j* lSLh ' 

^ j ->- jl -US' jLj loJ-S jll>ol ja ^ A—YO <Jn~« |(JLuw^> 
.^JlS Uo^iy Li’lSUa^sl j 


°Ji9 

e^b jLJLj ^Jl—i oCLmi jjyji A-\ * 1 

0 ^ 0 — Ijjj J £ * k§ a J*J* C-^" 4 --*l>** lj ft«Li 

.jLilj^y* Y • • mm jAy 0 £jA J j>- 



A-1 • l 6 4 JL * < m >« J5Lm 


OUl— ^y i yy ,jJ»l Jjijj jl ©aUl*-l L A-> * 0 

jl j o..«l \ Y • • N/m jA ^i>w/ .JLiS" j ^mju Ij 



A— I *6 4JUUu* 


L>wl ji A— aJI y^\ A-\ 

^ {Jjj j» ^y*j£ Oj^i C---I o-Li 

.-UlS’ Ij j? oUL-T lyy ./? 

0 

A 


/i\ 



k- \ '? 4Huyy» JSL1. 




V J5l*—» A-A 0 i^u 


>■ j c . jL <JL« jl jA A-\ ^ Y 

^L-ac5cJLp j JjlowL .* o 4j /4 ji <ili!jl <Vo kg 

C—S'^>- ^LaUiaIj ji ,j^j\ -lj I 4 JI ^i^Li lSL^-jS 

4 —> j*J 15 ^>--j" io° J^Lo c»»j*3 y* ji Ia<JL* ,jluS^« 

/4 4Jxaj <u £1 ^ • 0 • N/rn ^>*+* 

( _r~'*-^y La j l _ r ~— j ij-i »iL 

v L->- Ij 4^L» 

Vertical 



••L»i jL>- m 4j ^£**1 iSj\j (3jj A— \ W 

*—Jliljl lijl—f*-5l—* I—< Ij (X <o_jlj *£ <J J*" 




J_jlS Ij ^Jtj OUU y T 2Jj"jj A—\ \ • 

J 03 j-j A* kg jl • j—J J» Ji J \ t • kg jl v_j 15 f jfr £ 

. J— — iL^* ko = i • * mm — >T jl j—a j^j—^l^j « L 

••^j^c#*-* !■*»>>>» Jjj '—sliajLl 



A— 11 • < ! >»>« 


tn ^j>- <> AB Jajl j i_£J j M ^j?? <j i^j jA <jl j^\ 

• J~S” ,jJ* ji i Ss^jS I j olil—>^ —kjjl C—»Jj ioJji 

/ =_L m £ r ° ~ 

in } TMr'+ m(r - r 0 )' 


M M 



A-1 \ \ <JU—JSLi 








yJloj j—il 5 ,*oijs J-a3 V*? 



a- n ?• <ii—js^ 


^«A_!o ^13 4j ^^1 A-\ \V 

•db |JL5 iijuul ji ftib jLJtJ J^UJ c~ju< o c~J 
4—Jai f j—>- .X jjl ——X lj (jiUljl/i (j-JlSy 
1 kN/m j*s jt* o>li .o—l ^.a^li ^oL 4«ta< {yr kg 


f, = Y/1YHz -1^ 



mm mm 

100 mm 100 mm 

A-nY<UO-JSLi 


» jj Yb (Jj )o <i oi_SojL <d— A— 1 \A 
j_p-«-« Jj^- .0—1 oXi jljj jl j*—' j ■» k—jl ^yiil 

jj >-£->■ j-S" t^l—jlj jl—-ji *j *y>- O £j» j! o XijjS pjli 
.■^jjL+lalj) .Xjjl O—X jl—ji T i_$l4klj .Xl^ 

j^ljl 4__i h sjlXl 4 j 4 J— *£ JO T 4p-jJ JS— 4 

l^lj —; *£ -1~S <=rjj j^X*-*-* .Jjj^ys Vlj t 0 cS^jLl O^yz 

ji I—; jlj—5 lj C0S)3 j oij—; /)3 = i^^-jS j^Lljj 

jl j!J—i_^>-jS <S^)jj cSljl *i *ili la...' (_5j— <Jjl 4k»- 
sibx——1 9= Q 0 sin (O/jt ail - ^jL^ — 4_i ^oL 

(.ijk 


ft— ^LalSoJ k—jl \ Y kg 4 j A-\ 1 £ 

Oil- i I-; (JS --k*- /-9 ji .Ij-X* 4_, <3 kg 

-ij-i^ JSLo jilk* A: = o* • N.m/rad 

sX— sib jl_Li C._.Qji ji lj LL 4 S 0—1 jjijl La 

Jj—- lj l-S—^j_S OUL—jj_/I, U (J—l-^j5 -XjS jly 

.JljS u Jiluj O— 



•do—) /" ^l*_— j ttl fj- 3 ? x_; I |0 A—\ \ 0 

^yiil OjX (o—I ftJjl jl Uol j j A-^« 

oUl—T ij—jj j—l (jijj jl siUo-l I— .xlp^ 

.x^ ^j~*j lj i -^>-£ 

T = V/VA 777 —'I >>- 



A-1 16 < ll— o J£— 


J^—^ l -^-i |X— 

11/A kN/m ^_iljj bftjLj jl i_^j ojlJ . 0—1 oXi sib jl— 

4—iX jl j j-k - J—JbJ —’15 j^l .XiL 

fn tj—jl—S ’ji iXOli A* • kg j-»ljj \S\ 4— J~aL> JiLito 

yji^L*S 4jj5* —Li- ji lj 4jx j —15 j—15 olit —jj 

I—; jOS ^1—jisU- klJjl jjla— 4j :^jUjj>IJ) .x^ u ( 

x^ !_y>y j x5j^ jk ji OjII I j —15 t 4lx j i_jL5 

(.XJ^^yi OS’pjli ilXol ji l*£j>- j (j—j <S 








£~>k 3 J- 3 * Y* A 




j*Ji:_ 4 iylS" aj ^iL- aj vl^-y £jJ>y aS' yy£ aI^'A* i A J^i y »-> L» j olji o>LibJjl aaJUu y 

C—=r jtej JJ jj yj -£-*/ j'j 5 y-X* ^jy ’ l -> r J* ^ -Ktfy y b-l ‘-'y’ 1 

jl .XX»I OwX ^bub- b jbj jl ijX>«j» j^Iaa^ ji OCTy 0>ly*J jJ _j yJib jly 0 »>*j ijy jl*j jl <_£Iaa^j jJ Ij 
^Iaj jlj J LSbfc^ybyb-- aSo *-! •(*-i' s ' ,i jly <Oj>«j Ajy IJ OSy- Jr-^lyi'* Abl*^ Q-b A ji ‘_^i cSj~- 

jLj jb.j jl yjb 0»jy» Aj jljJy lj 


Oji (jiUi jl 

jy Ajjj Aj t_Sb y aS X y>y i_£Xj yOb t£jlyl J il jl C-S"y AXO ji 4 j ol ji yl*j £wb (Jjj jJ b A*JUu 
O y b Cx^ c ~fr^' ty-'b/i *«*•“• C c#dLtt* ^ aS (*i4’ i ~bjb Ol jiy jy-b b J y\y* O-^aI yb-l y lj yU---i: 

.Owl jj£~~jj yjj~» l> U (_$jlyl jJ> o>bibj jl 

l*-0l L#i'O'ji- 4 *-$ !_?.{*<y —^ ^ 1 1 ji'(•^X 4 ' (ijb*H '-£jyjLA cSy OX-w jl *& yji ,jOj' 

y <-£jj-> i$l-A40»b •i'-sr*il v w -w Xlyy (Owl >-S0iy ,j-«jlSy a> jf (j-SlS - j* jji 1 <-^d “Xwl i-SyjS’ 

.i^ k_jUi^-l Ol jl <AjL j jJ*y <ci^ jjXU (^b* - ijr^ ^j .ij-i £*&y- 

i-JL o fr** y (jibu’jl 

ljj-» ji A_S" X—I (^IaJjIw (O-S’AJibt* J£—i aS - pj ijS All((--Lo ^bjjl AjJlk* ji 

i ji C-^ y- y (*^l^" oVibt* jjk Aj Oljj^y lj »ji oLiUj jl .0^-1 oXl C~--b #ji oLiUjjl 

.Xjb jyljji L ^r*bi ,s '^kl** Aj ^Ui>-I u - . tjg |*L~>*t oLiUJjl aS - C—jI y ^yl j 

aS j'jT ^il-oJjl J5l—* a),, ^-*-^> ^OL-^y y (ijyl yjj y'« A J-* 5 ybb ( _ ; i^ jj 

jl,j-» lijl-• >H ^b‘ JS - ^^150. (^jyl a5 y>y Uxl y .xS ojL, lj Xjb ^yy ;U y\j~» 

jr-* 'j j—'I -(^J <y \ ' r ‘ - ••' '-^-f~ Jr-^'yi' 3 aJjIm aj UJx^. t jUj aj c~-~j JS - ^jSLASU (jjyl jib 

(_5_j^—jl <-i*Ajl A^-j jyj> y .}jJ jlSO pA Aj *lj>-l b <-5b Aj -bjjy LS^JOsxj J Ajj>J ji jljj,_y 

.jvjAi jl y silixl ijy «—>b-i j ^y- tjy <——*?- I j C-S^y- (jjly Xb tXibj jy-b ^jSbJ I5b» 

^iljl olyjti 


jy (^iljl Ayji t_SC_j pX>~ y y -yy^ jjXt* (_5iljl y-ji >-^j ^La^ x . ^ Aj lj y A>y tJ-jai ji 
yjy ji .C~J y\s OS'y (_S0 i^jy Jib^ jl (^jb—j y ya^Lt yj tSO b jlyy lj jO~y 

_ y-y Aj yjl* (_£j jti £\ <,ASyy ji .OOjb J^ly- yj\Sji n (Xib (_Jiljl Ay -ji ft (_$ljb ^ . 1 >». « ..J 

y- ji t_^jj _j ^l-AOob il>ul ■ - ■ ■ -* aS' cob x&iy- zyrj n iij-i JL*^I o ..«l Ol ^yly* aS 

(_£j /l Aj Oljjy lj l^ljl Ay-ji ft b «X>fc>j | X y «-^J (ij-iyi AliS* Jby jObl jl Aj aS y*jj b .iyiy 

.Owl yly tO>bib»jjl ajJUu <ubl y l ^ai ^yl v_JLk» J-^IS" l Sy JJi j*A aj .ib ^jJLaIS" (_$iljl 










ji !j «J_J. «ib jl—U A-Y Y^ 

(^I^L oljz-l JjjjI l!w.x 

j _,1^ ^_i OiLJ t & = iro mm j m = A kg j-,1^ J£_i 

j_ jl jj ( _ r 5U jjJla j-iU— . J * = YA kN/m 

r = l o • mm a—SLiU- jl <:lj—l .JL-il^. c = Y'* N.s/m 
J-b tjis jj j <_^' jJa- cSJJ iA )* 5 ‘ c — 1 

,x£ lj jLti (** j jvJ" 

£ = ./.VVT ^l^r 



A-l r*\ <U— JSLi 

£l* Jj j wi ^j >- t r ^-U—i <—; A *jl j* ■-' A-YY'* 

B <i Ji.<9i4 jii _ JjIS' ,j—-< >_& £ j.>i*"lji.3 

jJ .J_J^ jJ C-T^ *->*-£,y jl —y J£-i t *'-l** «-* 
<-; j-» j OJjiL —-I iSjj ^ *£i?jj~* 

J_Ji C— Sj- J£—» J—' J 15 ^ -U*1Ij oJLi o-L-15 ^I.jIjUI 



* 


A-ir- <ii—JSLi, 


4l_jrl j j >- (^1—>• jJ A *—ij j® A— \Y"\ 

*-j 5 csA j-> <-% I i N {J Ji\ 1 A 

Jjl—i* jj I o mm —pi—< iJ-jI ijlj Y/Y kg 

jl 4_» <«_ 5 iy^Lf" ji^l' f j-T l{ <L* v—jli* 

Li _y»jl_ a ^_iol jl— iji A *ij}o 4j £ I .vi..*l«J«i \*xi'~ a 

X a _oj-i «jb V /0 mm ob j aJIj Y t _ r jb^i 

cfi ’^ o*J ^ ‘r’l—- lj *s£ A 1 " J 1 





C - tf 'j—•" Ay jJ iX_iL ‘Xib J yj jyy jj ,y!JJJ 

?XS jlS JbU jjj y N ^yl jjJ 
(/„ )y = l W Hz j (/,,)„= 1‘ m Hz v l_^ 

N =M\ rev/min 


y 

I 

I 



a- nr < 11 — jslj, 

Jljla / Jyj> J M C-^IIj^i <JL» A-\n 

ji U jUljL <_S"LSlia-«s»l j xiL^ m ^y <u i_£j y, 

OCL-.jJ ^Ijl Ay Ij T .C— I l$jl ji 

••kjjl tl)l l y>^‘ j-~» ji 



X = \\/\o mm yj\y. 



A-1H <li— JSLi 


<-ij* jl trU— j Jj oXi .ab jUJ jl& .J^J A-iY'Y 

<L^wl jJ S' C~wl oJ-1 '-•• A ' i-£j Aj\s~jyy iSLiiy 

IjIj Ij i^_>- jJI SyA <01 JjJ jl (jiUjjl 

j— Lj 4—S - c—l X- <Jl_j^ i_£j <^ljb Jyts .Xll y 
jlj-S v-jT jl jl jl ju —»j x >-yy U* rev/min 

jj L_*»jj jl #l«l£ j* *£ *yy y, Ia4j^j» al>«jl lIaL j jjb 
ol£Xji ^Ijj-* O.; - > -'' .Aijjl^ v* cf*- 1 ^ -* 

<-**b j£l .c.—»l V Hz jl <^lj^«lj ( _ r -jlS"^ j £= •/O 

** cSj-s^ 6 j^“'—’I j*—' /^® <; C. — ‘ t A OS ’y 

.S^S ^jLa- Ij aJ, y. ^15 ^j-Ujjl 5 0 <o>b 



A-n*T<ll—JSL& 


iSjJ J —J YY* kg fy Aj ^jOrUjl jyy i-SL; A-iYT 
^la-S - yJA A_S B J A iJjj y (jljU jl 

jj-jj* Oji—Ijjj £U_i .c—I «xi lj^ cXiL^ \ • o kN/m 
J'jy** j> .xiL,^ > I o mm jjljj jl G £y Jy- 
pJLJ .jiL-Jjl (f n ylS'y —1L yy\?- jyy 

jl £\ .XXS - Ij G J yj~ ^jji (jiL^ljl (/„ ) g J 

J Zj-Z (*j‘L» jIxjuI y jyjy y 





j\ _ J-a3 V)T 


jj — j* (jl jb ' * kg fj —>■ 4_j (j A-\rV* 

<_jLSj j-i jj j j-i^N c-c-j— a-S c—-I j*b 

Ls <_£ J~j Ja—<jj 1 j&L~. jj C-S”jJ>- .XiL jSl» Jjl y 

sj j; xJm ijj£~~jj tx5 uSQ^iw • j k = \ *A* N/m 

^ jLL* i mJLuS - l5^l—a jj ;—-j j-; aSLJU- jj tc—>1 

jj^^jj ^1 j~» Jjlj */® m/s ji V* N 

sjjJ_>^ Jj lj jj-jj* M J,lc£jy % j b C 

jl J-JLs J. — 5\Jj>- .XxS q-z~*y Aijij ji jji V* • lj ji~a C-P j~» 
.XxS y~»j I j jyj* JakSA X—£-j~» j M 

M ni ax = N/A* ^ jj /V = <\«/1 rev/min ^l_^>- 
f = */YA^ 



jj lj Y*\ kg jjj A-I ( _y«.~. > - X £fc-«lj b-\Yb* 

J_ 5 Ijl>- j jiS’lJL*- aJ 15 o ^ t ^ l ^Uj aJL» 1 * 

a_J jl Jajlj—i .JUjjl C, — ->Jj I j ^La jUj j X jLli* 

. x e =1 m/s j x„ = ° :jl xj jL* 



A-irA<li— JSbi 


l 5 Lj lj_>-l ioJLi sib jLLj jJ aS" aauI A-Yf^* 

C _S’A_itjllxs jj_ )e£j> A—) a—S’ X:-* ^L^ob; 

ji^ oilii^.1 ijj-> al&_^j A_jb yn= b sinta 

jl jj aJI ji_-l i^Lj j ^ sl£i-o ^->15 aj c-~J ^ j 3 r j» 

/y = tA* mm . = rv mm a_SL; jj^> jj .j j-i^ x_. 

j c m \/i N.s/m . m = */^ kg * / r = V* mn 
as A>-jj b lj ^ it C-.1: olj-i; jjJa- iJLib w = ^ < rad/s 

iC—<1 \/0b jl jr-^ «J—«i C—J ^bwsU- jlJLi. A^l 


j c5L-s vJU aJLs jl^ jl aS" ► A-\ro 

jl JLj o— t*xj* j-* •Joi ^i^Sbb wi aj (jlAjI ji-,1 

A_l«b L-j jvjU CsUL-^jj W„ ^ »; : b 1 _r* 1 ’^^ .O—<1 «.Li sib 
ji lj Jjl A_Ja_Uj>- iaii ^LxaIj) .XxZ b 

(.Jj j£j Joj 





JJL«jo h 

a .1 jl Jajlj_Jl L> eJ_j sib jLi-i jyl —^..j ^j>- A— \V"\* 

.jj_I_*j t = o sJi>J jj Ar 0 = -o m/s jx t ='/lm 

OJj—J» jj) ^LajUj L jUj j sJjS' J*--jj lj 0-b 

. J-iS l j—*j iJj-ij^ JC=—*/*flmjl (_£ljl As aJ lj (j j>- J 


t 


A-irf’<ii— jsbi 





VW Jil— 







A 


ghuuJ jJd> 1 £ Lojo 


jl .Jl—Ji* 4lj <_ 


_^US* jl Jjl jJL>- A ji I oL^Ut^ j ^ 


l SLsLjui l_jLiS” ji LLI Ij c-SCjLlwI j$ ^j^jy *jy* (_£L*6jL* 


tUojLa ^ ^ 



Ij J jl*^ <^ 1^1 Ojlij -Uljli Ij 1^1 jl {£j^a^» ^-*ty^ 

vjL-^jb 4_$^ y j x ^l— aJ j—>~ A o»>*L -.mj 4j 

j—>j JJ 4—J A~ ^ Ji> (jjt—1 x» iAs^tJL^a (j! ji $y*£> z Jj>** J *>*A+j9 


,=Jy 2 <i 




/ r = Jr 2 <M 


c.. „..»! ^-~t>\j .-uiL r — x +y j »a^j ^Ja— ^l. — jl^aja jLJI rfA jl ja 

jUa .C—I y\ji Ix+Iy <_^*i ^ L Ja. '— ♦ ^ A ^^Jai ^^ol jU^ a£ 


;l jl»-» —* i-S - jU (jUJj jj ijy ja « 


a B ja *5 j^a 


.a j\y oalitLwxl f-^" J**- a-—jL>*^ j a ^ck—* 

- (jljla jl J_>a- a£ ^k< JJ>^ £dj_^ 


^d—. - -- ji j SI aU-l ^ju—..—' ja mm L m aS^ (aUU) jl -UJ jLp ^ja—< ^-i^ijl jl»_j i 

£—ijy ( _ J ^_j_^>- —j C.^y- (_^jLaa jl*^ i.<^ka- jj^a Aj .a^Jl^y* jLj in L ft 


■1~j<I jJa-i (^^1 jU-< 

; a .-UiL^ c^U 


-rt JjI-Uj aU-I 

ja j kg.rn i_——>- j—I SI al_>-T j». d —— « «o ja aS^ XiL^yj (^>-)(AJL»li) jl XjjLp jl j^-— jL>-j a j »^_>j yki a jy> dy*" r 

.ajLj lb-in-sec ^jISo^T J_jlj^» aL>-l ^»jl—- 



B Cua)^J 


VM 




t-JUftA CuuJ j^3 


jF“ ySj J^a- py> ^yj) jU- B 


Vr iJU,L> B _r 


J$^W> (-So J^> ,Oy> ^^ujyo! qLwO B-^ 

4 _J i—-..L-a p .- > ■ ' O—SJa- <Pyj-~P j! 5 y+S- jj>xa i_£j Jja- jji \^S jp- <Jalic» 

•ijli (J^jjLiS' jy»u. <j C~-J f>>- V L# &~' C—I l£j Oj_^> 

't'^—'* lSL)^ 5 J- 9 " j'j-J J Jj-*** 'Jj- 9 ~ V—I 1 —*!" a_ja-_>J t5 *alj'* -P J*jjJ 

^la^l^Lf ^LLI jL l*-i »(_$!!jji (-^aLa <uJUi* ja ^I^L .wliL^ (jl<jjlj 
—■c-ila «— i ».g pl—>-l (_j~“j«jl jL* 
jj->** dj- 9 " & (_$I<-jjI j i—'li—J« 1; ijX jlij ja lj /n p^a- <j ■ « ■■ > • i B-'i ,jjl]a« 

0-0 (jljja Jj 9 ** *■* ^ '—’I jlj'* t# jl>*'L« ja p—>■ olji 4 JS - .jlS - ^ jljja 0-0 

ySj» *S ^gU— >iA*e ^a-jS’l i—<lawl C-Sj?- oJl& j\j!s- <i pi Ilj ,jil jl t_£j j a .JUlS”^ j>- iX i_a aj-*_c- 

j : — * j—> 4 —^ -L—iL^ ra ^—-La >—'LL <ihy» (_^ljla dm ^yr *-i JLJI <-£j jl y o-jj ajja ^iajla jljl ja p^a- 

ilril radm yljj jLJI ^1 y a_>l_j ^U* ^y. >»■ ja O'Js' fJ 5 jj'l* <j j c—I (il«^la 

.xiL^ J" r cl dm ji\jj |*~>- (jl^jUJI <«-* t^l^ (jjl t$l> jjl!-^ j r ccdm jj\y 0-0 jj>^> J y>- j j *j 

Jl j£—h I -|*JjjLj JlJ^lil jl lj jl j»-'l_)' t y< j »a_jj jl—SJ p—a- ^yC-U-i ia^Jaal 4-15 - ^jl^ (Z it_JU« p—>- aj_^« ja 

:l» C—vl y\ji J C—vl ^y~»y* 0-0 jj>t* J Jp- p—>- I ^Jp- !_£•* jj\ jlo^ <J oJjlwJL 



l=\r 2 dm 


(B->) 


i-aLi (jljla jj>ut ciJ J j*- *£ —»- j* j ^j=r»j ja j vl—I p—=r <-^ jl ^^*4* Ow»U- ^LU Jl ^£ol ^jl 

jL*> iO—^.1 ^Uiil i—'Li ,J;li* ja p—■>■ { J^~'* C$1 ^ l5jL« p —>■ <-^d /n ^yr j_>iajLjfc .ajla cJL^-a t v^— I (jl<ijlj 

.C—I ^l-ojlj ^Li J.IL. ja p-^ jl 1 ,_r“>J 

.a jL ^jj Oj y& o jl y^y I j jL-* Jl 

I^'Zrfm; (B-la) 



Prr - B 


lj ^ ~ r oljj 4_JS' t (3y £y>* i£y -l-iby m i (yT *i j& 3 Jy* V 3 L> t y/i 1 jy j' J-^ r < ^ 

- Ui l ^ j'y 

:^yy jL. jy yyl jL~* t-LiL C-jli ( *-^r yly J j P J^r /> 

/ = pj r 2 rfV 

OjU i _ r Jl^>- <5Ljj_j~u jj .JLili^y i*—*^ y'- 11 * yly >-*y* *JIj^J ‘y^L>- jy^ j J •'-—J JLJI &V ji ji *£ 

,ju\ yLy ,_$ jS Jll^il jj ^iyl t ijJ" jly JlJ^b -Lb p oy jL* oU^. jl yjb Ojy -o j -LilJ 
.jlj jS^ j'j— 5 “ j LLlJ J jy ‘-^v j>y o-^y yn 'j ^ (i^jy ^ >SjS JLr^J j j ^ 

jLJI i_$L_) i(_s j& Jl_^ijl J^-ly #iL> jjlL* 4j .c—»l y^b"- C—*aI <^ljb yj <-—"b* dV y->*^- jLJI JJ >—>L>*ijI yy-»-® 

.j»-_-j_jj ( y lj jy>^ Jj_■?- jLJI yyl JL»-* ** ^°y.j* J**lj ^ b aiy^J^ lSL)' j 

jL-j C*J>*J> L (^l«yb t-SJ Ojy> 4 j lj jUI *yj?y jy* Jy jJb J«> j j** <-& y^J jL^» jijS" l-lu ji “>Lb 

Li jj JL* <uly_*l i_SJ y<yl jL»» <j\jj C—-I (^IJajlj ^Ij jj jUI ^1 ^^L-jIyjJ y"yl JL*-* ^ >yb^i)l B-Yb J5J- Jjlb* 

,(JL*I JUtlyJ c—JbB-^ <JyJ <Ll_* jj aIuIj ^0 jl y j_y* Jy y^Ll jL-j ^Ujjl 
J_S^ jy i_jl>^jl _yLi c~*L>wi *j ^gl^jly^-l C-*.y *j lj yLJI B-Yb J£*i XjUa (*-jly y ‘yi' y. s jLAp 

dm <S J—i JUbly rdm yly jl—JI ^1 Jj-jlybi yy.l jU* i«Xi ^ilj yyj jy* jl A" J-^Lj jU* ji jLJI ^y 

.J-iLy JSLi yUl O-y Jj-Jlyjj 

jj j kg.m 2 L SI Jb-l ji J »iy (^y)(JU>U) Y Oj_y <j jl ^LAjj—JUji ( ^y yyl jU^ ^.y' ^ <^y L 

.jU yy jb; lb-ft-sec L (y^jyl JjI-Ll* iL>-l j*J—~- 



B-r JSLi 


.iyy jj/J yj Ojys o i-Liljy / yyl jLw* jl (jly aS’ Jjy** Jy W1 ^y <j y—*>• ^ Jy-^jdJ ^L»^ 



L I=k 2 m 


(B-r) 


;yj ji LXjy j iJjj ^ r Jii ijy* jy Jy^ (*-*■»" l -^i fy ^ijjj yy 1 (Jjb" ^ ‘^>yi ji 

yl jU_* lj jlj jS”y jy jl A: J-^>li ji |«—sr <-^i m fy ^L«J ^?l .-Liljy yyl jL*-* ijy Ji jy-IjiJ 

.i/ OaI yj 








VW Jpx* Si Jy f>S> yyj B ~' 


j-h i jy jj *** J y O' 0 y^ji j ^1*0. j i_~Ls ^ ,ji-Jb l< Ul* i,^ j~*>«j J y y>■ Si y yj OU* 

■iyi-y <*—U- B-Y JaU. Ja-vjj yj^J 0L^> Oj_^ ^1 jj .3yy ^ 


r—i^y Jt^^ol l j~»y j md 

—! iSJy iji-* jy 


Lfcj^sw JULiil 

iL O' f y j?j* j' »Xjj£ j_p«4 J y <*—>■ l50 yy\ OUa £\ 

•*? - 3 jS y^ 'j O' '—j jy j* J y (*—•>■ yjj 0U-« <; 

B-f J£S jJ «J-i o^b oLLj ^ jl jy** ji g_.Ha.° ^jl oUl 
.C^.1 jy C JaL jl <^£o J G fy jSJ* jl L»j_p^. jA jl 
ji <—Lali j j— r j ro ^>l^< j>>^ j' dm yy 0L*JI y ^to-i 4Ju»U 

•I^j—[ j 4 ji ^ = ^*q +Y/()i/cOS0 j^jl5 jly Li * “.. -j! j y*A 

: (Kj' J oi ^ C <Ja£ j' fy £j» jl »Xjj£ y jy J y yJ- j' O'-*- 1 <; 
I = jr 2 dm = j(ro +d 2 +2r 0 d 2 cosd)dm 
= Jr 0 2 rf/n + d 2 ^dm + 2 djudm 
yjy. fJ j *^r ^y j*> j' oXjj? jy J y I yjX 0l~ jl c~-l OjU Jl /x\ ^ jl 

Ji .C—.1 J—Lo y\j, G jl »Xjj£ jy <! C~~J ^y £j»U OL jy ‘.Lil^ y> 

■XZ X>\y- jij Xijya 



(B-r) 


Oib j\y l< .xiX (jj\y O' Ij Ij j xS jy ^y jSJ* jl L> jy Si>\ JL» t a jSyi *x>jy JLiul *S c~ili -'jIj 

'.iyy OyJLi i B-f <J^Ia« ji O^^IjiJ <0 J 9 y.J* 


[k 2 =k 2 +d 2 



B-f jsoa 


£|*—* O^jjl C—-A. O4-A- t5j'j-* (jL* jy-° <.. t .Ss O'—*a B-ra 4_lajlj 

f y*r jPy j' >Xjj$ jy Oljlj^ <, d 4L^>li <, S C—I ,Sjy jy k jy\yj 
. j jl j jl ji k 0 yr^^y.j ^*-0 L 
A_sxi-^J y 3j—*A jy a Si J y Oljji ti'jli s ij louL^> i^sy Jjl • 3jj* ji 

J j -XjS y^XLt Ij ^— *.y\ j y U C_«|| ^j\S I (_jl^j ,^^1 Si tJLl-Jk CSy 
O' —*4 t-LiU dSy ( _5ljbjC-j' Oii^> jj B-i J5Ll iJ’jlj (3 jj £\ iyX 

*—* c — j 3 iJj to i O jl »o;jOS’ z jy Jy Jjj y y\ 

!X-iL 4I-ib y-y Jy Si jl (J 1 j Jy Oljji (JIa-uJ y c_^l S tJjMi 



?y ^r-i) o'- 0-0 - B VM 


1 


ja .vl -I 0 J__i ^dj-^ B-Y j3 a£ (^cy y >.' vr^ 15 " 0^»- ja jjl£ u-i-^’ J a J 1 

iaS' a yXy 6 Xa B-0 JSli jl _j JLi«ala jLiJ l a J I& ‘ Ixx'■rJy **Z jy<, X ^Ujy* Jy yy) ,^Ia jU» t A^X 


/„ = J r*dtn *s j(y 2 + z 2 )cfm 
/ xy = J r y dm =j (x 2 +z 2 )y/wi 
/„ - f r, 2 dw = f (x 2 + y 2 )rfm 

V_l___y 


(B-i) 



A_kjlj A__laa-*>b I j £tJa~» ( _ f -- y\ ,_$U jL^ j ^y (jL» jU-» iXS& >—Ajyu OljLfr C-*L-i *■! 

jl ^15^ j t j->\jj 3 jj C-*L>*J> £\ .Cwl 3yy ‘■£^ A< -*XJ j j>* jJ ^Lr^-ri* <jL~* *< •kjt/* l - J A p J a i>rf J^ a 

.C—I jXy jl y 3yS- Z jy* Jy I jjj Izz {y yyj P ji^ji 

I.. = J r 7 dm = ptj r 2 dA = p tl. (B-o) 

£k_~. I z ^^Jai y y) jl*^ j3 pt £h~> So- \j y fy yyaLa\a- L y)y z jj*u> Jy fy yyj O^*-* 

*J L y y jX ^jy Jy 3 jj lyy j /« f>>■ ^,1 jt^* k xiL Jyj$ 3jj ^ j3t J\ -Z jy> Jy Jjj 

. xj— a i^jijj j£jj£j 


/ = f v 2 rfm = pr f y 7 dA = p tl x 

' J J (B-*V) 

/ w = J x 2 dm = prj x 2 <£4 = p tl y 

<Xl ja jl L (^UoL^* ji pt jJa— x>-lj ^ ^IaOL^ 

jA+z* y j-A (^UoU-* jl I j Uc-XS’ ^jI ^ y y y) (^IaoL-* j 3 3 y y 

r^jla ^y yy) (^U. jl~. 3jy j3 la £k~. cf-xi' 'j h = Ar +/> ^ j^U^A 


/„ = / xr + / vv (B-V) 

Ja-jl JJ oy .Xa B-l oValjw ja jllj C^ajXv ^1 .C—I ^jjj j3 Jaii <k>lj ^1 aS" 

ja B—V 4 Sal*-* .Jixili yy Ll y L X jj>^* jl jl«JI aJLoI* L a—jIx* j3 jl«JI z L t c-»l>w» aSxI tXj: — j jl^a y j£x» 

J—y J3 .3jJ. AJijS Ja: j3 <Jy Cjlij L y^~> J3y Cjjy> Aj ^y { J^~ ll^a jUI aS' il—I Xy ^Jy Jtjy 

:a yy yj <X>jy> aj j xSy jx> jUlS B-V AJaU^. 





dl a = dl xx + dlyy 


(B-Va) 


._u_J^L aJLit £jl_j i3jj j^y J % iS^jy*** 


<-*S jJO joLmm- 'v I 

jl —*a J_y>~ jl ( £yr\ y*yd (_^La jL^« ^y^>xj> l> j* j>L-?-l ^y>- Lf ^^A jLw i^Ja^ jlw* cJU- ji 

jl fj-*r y-^ji} d)l—«•* *-> ^°y.j* CjL-iU^* ij*j j£*> Jai> ji y*~“ J (■!■ ; •« '- J ly* 3 *-{ I j j* (*-~^‘ Jy 3 j 3 yjy 

l £—j o jy& <* JjIj i ^y , y 3 ^*i^ *£ y^jy y^* 3 l y^~* ^ j^* - ^ *-^d y^yi^ jl*JI <-^j y^y 3 . j^*- 4 •^y*y #3 l~“ 

■ iyi> OijS’ Jaj jJ ^yiXa C -y fc S ' 

jj iJj!j_ia ^-U-* ,jUJ5Li L ^^1 ^UjU* ( _ r o_*-*>- ^ ^a L_J Jyji .£>■ jl ^l^jU- 

.Cwl a.UlD-1 







J j—>- I j r j m fj-*r *—; x^*a (PL* C\y^\ ^U-i j x*j^- O'-*-* 

.xzS ^j~*3 jl 0-0 j* jj>*a 

dm = p dV = pt rodr 0 d9 a* ^IaII^oI olw ji jUJI l5o :J»- 

:L ■"-•-I j»\ jt ajI^l^I j^%a J x~ j*A oL*-« olji—I p jl ji aS* i. !.. *! O 


(■ , f2* i*r , 7I/- 4 1 - 

/=Jr 0 2 rfm = p/J o J o r o rfr o rf0 = p/— = -mr 

* = ^ = ^ 


:L c—-I £l*-i 


//L; u_ii ./ui/fji dl = r 0 2 rf/n Ux&-wji clluT <^jL til dm x/4 (jUJI (jl^- <u l y t tS/^» <J?b 9 r o fj*»> <tj . ijlxuv^ /ff O 

,/jjUJ (jbjyl ly 

•>9*j e>&*l LS/9M £/* /* <jl/i <J> /I OVcW 9 >9/0* XH9> k£* ^lyu,! iS 1 /*. W l = jmr 2 <ugj _ 



B-T ajjaj a L ox 

j-Jai Jy>- I j r ^U-i J m ^J>- <1 Jjjj • jfi J x'T 1 - jLw* 


. x .ij —i,_y* OUJI jl yt- aj dx 0*1 j y ^U-i aj ^ jj-x* xs. • J^" 

:li oJ jt\j> Ajljol jl«JI jc J x~ x*j*“- 1 ^ jl 

dI xx =^( dm )y 2 =^(npy 2 dx)y 1 =^-(r 2 - x 2 ) 2 dx O 

:L o~>l j>\ji x jj>** Jjj- x^J^- j' - *'* "I • _£ <J^*z P O' ^ 

{ xx =yJ_ r r (^ 2 dx = j^Jtpr 5 =|mr 2 

:L o~.l ^1^ £1*-^ 


k = J~ = J~ r 







tU&o AjSj 

C)ULauI .I^MlI dx Ujifj'rf UU (JjJ? O J«?dJ tilpLwl (jfC^Jfo ;) <tfjlXjl (yUJl '(jUt/l/J &UjH (jl/J fjd <W ,'/ kbj y ) Q 

./jStbfjAj pdxdy dz yjU ^ <J/a yLJI ;l cpl&wl .pd'J& (J 9 1 *#/* U^l <-(f 6 /, <tLUu« <0 .pjjyj 



B-f 4 jJJU 4 llwu 0 

Jy->- lj m fj-»- a JL ki ~~» ^yjl jl»> 

•4r^ ots*j cS4^' *-& jl »Xjj_pn J>>- jZ jX „ J>y 

(►^ d>ly^- <i <fe C~*Uw» o y y y. 'J>- 

iyy il <j'—*-* t* ^-"l y'y ^ tTV* ji' y y^ ‘j^-* 

<_f —»^ijl jl—«-* ‘ jrjlyli; • Afe £ja~» -b>-lj y Ji t_j^ki» ^la.* 

:L C-l yly y' JJ»U. J_p- jyj4 

:lj C—I yly j:' jy>^. Jy J 

H *-> * 3 ' a B-Va -k^y *S cf L»l iwl C->Uw> <> J*jj «yl>*il jUJI ^Uj U 

rf7 « = rf/ *v + < 77 // =(p^)^(« 2 +^ 2 ) 

"* z J>»- cr-yi' -^Jj' c—X lj ^ Sjy 0_£ \s ,Jj£ Jl_^jl jl y^A (3yi -Lkjlj jl j yS\ 

7 « = J rf/ * = -^( a2 + 7 , 2 )J 0 ^ = ^ m (« 2 +7>2 ) V^ 

:L C~*l yly JCo jj>tA J_p- iy*y>\ jl** i <d^s- yM l; .C«*l iSjL £ y>- m jl ji *S 

7 Vo = ^4* 2+/2 ) *'sr 

: Od'^i^ C~-Jj B-r <kj|j ^jly* (_$U JJ>*> JUil <L 


/»=', A +mf|] =-^4 i 2 +4/ 2 ) 


•j'ytx* 'j ■* jy** Jy «1)U-* 

4 iJjj j—i* j* t5^ Jl_^i>l j J>>- tyj=r cry. ^ 'j y?~\ ji* 

•(♦ijI'S iS^y td^jy** Jli^l <‘ dt jl «iliwl lj .Jjjl 

, f 1 N 
dl ^ = dl x y + z 2 dm = 


= (p dx i^a 3 b^+z 2 p ab dz = pal^^ + z2 ^dz 

•jJiy* c—X ,_,Lj <>wo jLA <kjlj jjl jl iSj£ Jl £d>\ L 

oab !'o(^^ 2 Y=~[‘ 2 ^) = n m (“ 2+4,J ) 





(*>?■ o ^ 5 - ® VYT 


jL_ -j 1 _ r l!jl> L a ilia ja jl ^ al*jt *£ i_&jL <La Ij xL <L* \S^>_ ^$ly L> Ixx *t l — j j4 p 

J y «1- Jy cf^-ri* j ij5 ^ M *-~i^ J 3 a j' CJU- jjal ji - 3 j^ oil— i££—A 

r^j-Sy yjk' C*~ vjS 0*** ^ -VV 1=^1'jAy^ALtySy* j j\ ^\ j\ *S 

.XiL^ / —- ml jj\y lC—al <i— y }y& J <1— «\Y 


J uAo dJL^J 


.^yT ^fcti <u /, (jillaj&li 0 (J> '/f* /I ^ SjP* (J? 4 (JjhljuA phut (jUi/bJ &Lt -0 “t/^ jlthib 9 ^'ixtl/A B-~1 <£//, 


o 



vrr jsi— b-) ^ 





B-r JSL-i 


<jL_*J j-9- Ij <_ L * ^y>- ^UjU* B— L 
tsy m j\ {jpt jl <L> Jjl> <£JU- t JL^ z jy <.x 
'j P *ij'j ii;^ a4 x jj** ^ J 



B—1° <!<«..» J^A 


Jj—>■ r ^LkJi <1 Jjji (Jj£ cf^jr^} B-0 
fj-=r 0 J j*j Vj- - * ^ *j x iSjfij* x? j* 

j_i>- .jjjl a-a <^jSj-« ja d -d^U jjjs** jj ,jjS 

jd=lr (j_II) /I 4 Jj _J^L_^-<? U*+ Ji_^,a 

?JLilrf = W( v ) 

(cjUI) *«■/.-*/** j (u)c = '/.-«/TU v_jI^>- 



JjLyyyO 

^LoJJLo ^JjLuwyO 

.l^-I *£ dm = p dx jUI jl B-\ 

<_L. Iy' y' J Iyy fj-=T ^ jj tjLow* j X^S b^Ia t ..wI |.----*1 J 

.x~S I j / j m fjr *j Jyj jL 



B— ) <iiujuo j s : a 


(_g U _ L. 4 m ^j—*r i£j& J* ® — ^ 

.JjlJ jlj_i X-Z 4->Ju0 jJ “i—S’ JGla J_jl J .iia?4 lXw> j '_Lg 

,j - «» « j Z (JC J_>9- lj AS-y^yt ^Xi) (jUjU-4 

.xsS 


y 



B-r <JU— JSLi 


*j\y~*\ jl m *-; 8 j-* ^xl as B-f 

tJ—ijj i r l_) cwlti ji ji^ - ^ ^jIbIjwj j r ^L*_i *j 

I J A*hi L f^‘ y jl (jl-*-* lOlwilsw dj-lj .C — .il aJLt 

.J ^ lyj 0-0 (_gj^ J» 


B —£> <l!ui« JSA 


loo = nir 


r> ] Sr 







ls***^' ® VYf 


*-> ' j£—1 JJa^-~« Jjj ^}** i 

. JLi? jl o Jj j j£ X-X jj>*a J '_p- I j Wl 



B-A 4iluu* JSLi 


j m iSJ? y,y Sj jl ^is B-S 
B— I 4 —i<h_—»• 0jL_ii jl , o .«l j f" 

JJ—9^4 (JJ >■ lj ^1——!J ^I (jl <k~a J 0^J-O^Ul—l 

jU-4 ^1 ^l^JajIj <w»U*« jj-b 0-0 

0-0 Lj jjl_>-* j jl p-JT j-£j» jl oXjJjs- £13 



I 

6 


B—*\ <1 ? ...,» JSLi 

.-L- y S’ IJ c5j^ J* £} JJ~* L Ixx B-l * 

•C—-I tn jkj' |*~a- ^j>r 


r }jJ->la i_SLj (_$ljli Kl^jjLj# * _La jA B—"\ 

jl ^ 1 la?- J—4»_)i J e^5_JAJ <A^-\jA D— 1 4j ,C—'! 

/ J_ji» <j ^ji^aA i_$l<jl_)I^I 4JL4 i_£j ^U-l ji^ j£&Sj*e> 
.JLjI _«J jLj (_$lxJajlj la ■ «_y Izz 4 _yjl jlxa ji lj 



B-f- <IluJu« iJSLil 


La J\j£jL\ 0—i>Oa-lj jili jLU ^ji B-V 
«-S"jl_i 3jj Ixx —*7 jl^* i J‘o ^J a l< (^Ia jUJI 

jl a ^Lc— >1 L ' J (3) L f*A - jA jUI jl a^L L -J l> I j C>ljl^| 

lj 4v (j-r“ 1m <3j J {Sr j«s~ (b) jUI 

,-L^ (j~*j lj lu 4 ^*"'^1' J »Ajjl (Jj X~ul>i4 jjjj 

I„=—ma ’ , I vv =—mb'’ __.1♦»- 

U * W ‘ 

I =—m[a' +b T ) 








r 



B-1Y <1X~, JSLi 


jjLk« m ^j-*r j Lb J y^° <— ; <L* B-NA 


jl L; 4 —jli* ji <L» Jai .c—<1 »xl ^ J£«i 


y~yj oLo^* j 4 —i <Jy -1 j <L* yy) jl-*- 4 

.X* 





x jj-s** 4 Jlj ^r—jU- 4 B- \ ^ 

j—' j A * * kg/m 3 ^y *s~>3 

ijlolI ^ Lr J> .c—.1 V • • kg/m 3 jl ,^>U 

• X^" jL; Ij jiy / .-LiU^yiX j_p*4 ^ 3y*S- 

/« = */W* kg.m 2 ^yr 


4_, Iji^i i_£jj!j 4JL» jl j_jX*X C-£lJ B—^ 0 

j U>‘« 1 —» ,i y>y 4 i>-L* iXloXi «Xi oib jlX 
,^-*yr ^5—>i' jl—‘ j' ,_^_>=7 4x0 _> jl jij£ 

,j_3^ C—-X J—s ** 4 4^0 jl »X jj£ y jy* J y- Ij C-S’lj 

P 4ju. ( _ r _X>- JX>-I_j ^ fyr .X j_>l C—X 4C—.1 x5lj 



B-16 <!* » ■» J^w 


^ -nJaA* l_» jb^i jb"_^ yy) ^ 

u-<1 'r' 1 -cSj^ jj*^ Ij J^Um 

C-p-l—» 4 I vl»<li y^aJLt ^Jx-4 (_jljb l£j J* *£ Oji A (_jljb 

4 aL>- 4j y y>) 0 U 4 JS’ jl n njJ~o y y .c—I T • • mm 2 



B-lf-<li—JSLi 

r ^U-i <. m ^y- (_$!jla y>-\y£j j_>x 4jl_ji^l B—W 

j_j_>v 4 J_j_?- jl ty“j~i I jl—*-* t5^ji (^l4Jajlj .C—<1 / _j 

.X-i^X-X^I 













- B VTA 



B-rY <11— JSLi 


Oj£ Lf -~^h‘ - f—i> x Jj->- L f^ , _r-i} jl~* B-YA 

~*~Z j**" *J fj* *i <>£*■* ^ 


a— T 
-1 



B-PA JSytf 


q.a *m ai>-L— t ^_^LiJ jl _si j^Un ^Iaa1z3 B-Y^ 

.jli 5^ <w#l>u^ 2 Jlj Ol ^ 0t*> .dw^l 

/ K = >/>o \. kg.m 2 



B-n < 11 —JSLi 


«-ul jUL> jlji j £ £l*«i B—T 1 

m j4j>. c/~^ p——>• {j— 3 ? —<j—j Z jj>** JIj 



Ij jc-jc L# _vl— J_p- o'-*-* B-VV 

jj—jj*J nit fj 3 ? <i <iL>- ^4 j <iL>- i_£j 

.0-^ 



B-rf- <11— JSLA 


i /n _ >■ <j j*jl5 J»j jI jl— B—YV 

J_j_^ _j jc (J^_>- I j h ^lij jl j r oJLpIj 

-‘r* <jii~ u-'j J 1 ** y JJ^ 







Yn JSL-. B-\ 



B-rr<ii~. jsla 


jt <_& x jj>xa J y>- yy yyj oU> B-TT 

Jty h m f y <{ Jjis »j£ 
I xx =^—mR' ^y 

y 


I R R 



B-rr <JLL^o JSLi, 


• j-£ jl *Ja» i_Sv _j x jy** Jy~ B—VL 

m j-^ji * j-^ ^y Jtgju IJ .JLi .ili jUtJ j£*> 



B-rf -u^ jsLi 


m fyr *i J^i t-S'jU (ij_j cr->i' 0 U> B-V‘ 

ass" * 'J 

y 



B-r- «Ii~. JSLi, 

^y tSl^Ijs—■*! o—Slj J-i* B— 

t$jj—• .c~-l *.ui aita jLiJ JSLi JjIIi* (Jyy J£«i 

4—1*1j ia—j; X-y OxjL^j ji jl 

jl—iJ-iL m j>\j> J» jy» iSy ^y £\ .c—<1 »J-i 

•X~$ (j~*j X jy* Jy lj jl yy) 

I„-—mb' ejlifl- 

T\ • ^ 



p_J h£Xj*z —o jjj—it* i_£j ^1» ji B-VY 

«X^_i xjS j «Xj— i x_Jj i^l^jlj jJl; o>J 

^ cT-Xi 1 ^ f X ^ \y j'y y J>- £ j~ 
lj Iyy ,ii£ y\Jt> &\y J>-^* Jy 

•aU^-.l jW j* D-i j D-4 J jXp~ j| .jliUJ 

.JULJ 




^jij\ (jU-o _ B ipj VY*< 


*—> c. ; —i I j (jlo j-S j*-j ur" 'jfc) o '-*- 4 B-rA 

j 4i j—i Wl j_jI^ as—**jj ^j --?*- 1 2 * jy*-* 



B-rA <&*« JSLi 


l£, ^^1 JU. B-n 

jj e-Li ojIj jLU jUjI L (^ i£b' J 

■ J ~S’ jiW J.P - 4 J>” b c ~^' 



B-fH <l £***0 


j aJLi AXp-L* jl jl ^I<xla3 B—L * 

(j _^—^jiJ <L)I 0-0 jj>*+ o-Ui 

.J^S <U^/L>i>j jj>xa ^1 J^>* Ij Axlai ko 



B-f • <Jl 1 uumO J£m» 


^ ^Jji jL— Jl f^\ L B-rc 

► .jl^ jy^* <^y~ lj /w 

.c^t t-SU-jS' r L 4 -w-j*li« 



B-ra jsli 


jl iflJ l—* i (jLlj OtXjtf <J <PB-r\ 

<C-—^/l ^ j* ti'<£ 4 “^4 

X - X jy>%A i}y.>• I j 4—P- jt*4 .C-v^l 

.JLlS^ 4 ^mkI^!4 



pjl —5 < 1 * —Li« L /n 4 j {£jjy B—TV 

j —*1 .Cw»l o-Ui Z jy*A <jjljJI 

•■* 2 ^ ijcW 2 JP** J,P" ^ (*~P" 



B-rY < 11 — JSLi 





vn J 5 L -0 Jju 


^L_Ja3 lSu /n ^ ^ B-iY' 

ji <I_oL>wj a**- oJLJ»> J>L>*ji 2 j y~~>xA tj y>- jj-U 
J ^l u< *Jlil T 53 rt/Y* ^1 ^ O^JJ L 4-wjlita 

J~*s Z jj>** J> > ‘ b 

k z = • /A^ • fl 



B-f r < 11 — JSLi. 


jjlJbLi jl 0L-J.I jl^ <J,I ^1 > Jju B-tt* 

<_sxi^o jj j *JI y-^\ (_SL_j J^Li IwLai ^pljji 

C~<L>c*i (_$ljb Obtistf j 4 —_jj ( J£Li (Jjlia* 

J j—>- 4jf ^b d)LU jl jfu* ■ ft ^L-^. j 

/y-y j / w jl jr—*& Izz J* XftlJao- Z jj>** 


.juS l j~*j I j L x>- ( r * jIjJL* (_$l ^ . xlL 



4_»(^l^jl^i_«*»! t-Slj (jLft>^ B — L\ 

jj c—»L>ws .J— ~£ j x-j jj>*a J_^>- lj ftt ^ yr 

.c.-ol r L <u_jIa« 



B-f I < 11 — JSLi 



B-f f < 11 — J£A 


B-f f < 11 — JSLA 




f r? ^r->J - B YTT 


* ( _ > asL-< J—>■ uU-* ^ B—L"\ 

ait" y csAr* Ay 'j B_1Y 


/ w =—^—{—[/* +TA’](r“ -r®) 
• vy rP,P T [>• 1 At 




^ = r T r - r/ j A = (Tt - t\ ) T :j! aS* 


jl ftJ—J* _JLJ L^jU^ (jUjL- <Jju ^ B-f,0 

>■ Lj ^—<• jl Jrf ^JjUxo OJ_J* oili ^y L^J 

jl jl oa_Ji y> .c~J axi c>-L- > V/6 kg/m 2 

I j J-J— 4 / ^ I (jL-4 » .< .c.*— **l o-Li 

I=M eU kg.m 2 ^1^ 



B-f6 <1 * *«*Q JSyi» 



vrr b-t ^ 


yj) B-T 

^jl jL«p 4_j ioj-jj* OtA. -»P- oj'fe’ t^lAjjlj (*^*j"* i^Jbu 4-j l_ J L j» ^l— p-I jl JJ* 4j ^y.j* J* !-*»<• AJ^* 

Jij Ojy> 4 j <$■ lyi>y* J*l-i j^ lj 

(B-a) 

.Jia £ j\J» ojLil Jjj-* V— ^ • oVilfc* ji (V—^ JiLt* jl ^Aj^lj yt jijjl ^l£lA ji Jajljj jjJ 

til «*l j ,jj) jl J Xl£ y* iSJjii (^1-* jl-*-* Olw>lp** Aj ioyyt y*\~*\ ^yjj jL»-A jl “J jj.j a l..oL>- Awilpu* 

4 —i y0 yaixl *cSj LjJu .Jlj jS y» jl J3 Ap- jj ijjj* l(_5 JlJ^S/I ij-Lp- < J+S*j J jUI >—'Isitlll .Ujl* y»J>i>- (^IaJI J>Zj I f\~» ^Ljjl 

^Lav-j j* aLoU- >a;~ -a c JL* *jl y *-a jU» a£JIp- jj .c—l oIjLp ^^~>- ^Uc-**^ L ji iijb cJi <u jU 

.XJtLy* y*jA ^Ia jl*p XjL»> y*y\ (^Iav-Jj-aLsoU- iU-l .X-1L ^yiJ* 1* C .....L * c~»>l ,^^«-* 

ip j—jy> OL*U* UIp (_j jl_va ^Iajjav* Jlijl a..< 3» jl 6il«ij<l 4^ J aJ apv)l« 

(^l—Ay_J ^./pi./» lp- JL j-jl IjyJ* J- ^1 it* A_waJ ..L- U S T ^j* oiL~j lj I ^La jl*j* Aj 

L ^-i j' B-*V j£—i jl -pi^y* OLJI yj Jl ,_^iL- Aj \y\ J ijli lyrj ^J->) 

.xJLL^ j»—p- JCo -yo {j\*jy** oljlj^ <> aS’ «j_L ob jLLJ x-y *>Ju& ji l_JL» j*— p- 
0 j' Lr-» x ~y tS^jy^ jl dy jdx a1j»U a< j »i£ jys- G ^ £y jl jj^X> <j\*jf>^ 

.lyilyt '—AJj* j yj Cljy0 Aj X-y (jU jy** J y y*j->) j ~ &L s >l>- .Jjjli 

J l-- x /t> =jxydm = l(x 0 +d x )(yo +d y )dm 

B -? JSJi = J x 0 y 0 dm + d x d y J dm + d x J y 0 dm + d y J x 0 dm 

= /. v +md x d v 

Wo ■* y 

a—L*pt j J (j\y y4 j \^* J**l .jj jA-p 1*I_jJI jS’^ J_p- Jjl iJjJ-i i_j jp- Jl^&jl ji 

a-j Jp^-dy* tsl— aC-^ Jap- <_SJ L j '-ijp- b jA-jj ^U^Xl .Xjb iy>rj »-Ll»_ilj ^^LjI j~aL^\>- 

:C~Llj jvjAIjP^ ji Ji yOl^Jiyt JJ^> Aj fjZ~ 

(B-*) 





jKf 4 j^ JJ*** '—’I jl_y* aJ j _>-**-* (JLtZ/l C>jp JiAA ^j}\ fjji jy-<-* Jliul Jajl jj 







(“/?■ ir 1 ri' 0 ^ - B VYT 



B-Y JSLi 


» >■ Ov J ^yi i 


il jl** 




j| V_J_jJaJU>l>- 4 j J»j. 


^j*>Lj>- l£*5' <u 


B-V JSLi ^ Ajj^ jA oLaisL. l-ly jl oJjjiS' jy*A y> J y~ Ij 

oii_a OM ^aU ( _ 5 U t _ r -jLw-i' n j m . / .ajJ. OM J>>- ^j^J O^*-* ^ ll~-I 

a *jJt jU* .c~i y X = /i + mj + nk o jj*« V $y<y b OM <^L--b ja jIa^ A j 

:c—1 ^ OM 

7 W =J/i 2 rfm = J(rxA)-(rxA)rfm 
:c—I ( ^s r •^~' 1 |rxA| = rsinf? =h jl ja *S 

(r x X ) = (yn - zm )i + (zl - xn )j + (xm - yl)k 
v _—;jA j->J Ojj_-» <-> Ij jT iO!)Lo- jaIa Ja_~; j c5 -L» : -Ia (»l>jl jl (j-J J 

•r^ 

(r x A ) • (r x A ) = fc 2 = (y 2 + z 2 )/ 2 + (x 2 + z 2 )m 2 + (jc 2 + y 2 )n 2 - 1xylm - Ixzln - 2yzmn 

:^jIa B—A j B-i Jajljj OaIa jl Ji l» ja 


4 = I„ l 2 + lyy m 2 + 4 n 2 - 21 xy Im - 24 /n - 24 m/i 


(B-W 


jijl t 0M jj_>** i^aI—a i^l-Ajj^j-r*'S' V“ 

.Aaa^ .. 


- ^ OM oIjsJa jjJ>v» yk JjA- Ij ^jLl jU* ‘<4b Oi' 

~»Jj ot e£j-u* (^La«1^1— A (_£Ujj>v» J y* ,y*yi\ 


ur 1 * 3 ' cS^j^ 0 

j jT t-Li V—V ji 4$* ob^ 

/» -i* 

-/« -/* '« 

f_j j Jjj jaUs> jl 4—> ^UaJI jj>^* h <-J-a (*--Ar <■& i$b* j^b! ' ^“ib J A j' ^ 

(_sIaC~jw»j *JlS" <o J» ^j^\ U- j ,^-j^I jLw« CJ%>*r £\ .C~-l 

^\j-> jlb j-w’j <-^-i cJU- ja o jS jl Ji ^bjj' Aj y yO^L> I.U* l5L L. j ^—*- <j O -—< Uj_p^ 

.OjI^ jA Jai sZj jy* <0 (iji (j-ij^L* J jA-4» (^-J^l V0> jA ^ Aj? Ijjj X-y~Z jy*A 

\i a o ol 

0 /„ 0 

° o / K 

o^*U _^/Izi J lyy * 4 J ty^yi^X-y-Z ^c\*jy>%A (jt*^ j J 

l-V* '^i. (j* - j*i' c5^ jl*-* ^yb* J ‘j^'Aa- yAli* 

jJa <1aU^ L X-y-Z ^Lajj>k jl j* t^ljl 4 j *S aIa jLij jljj(_y 


.f ^ . John Wiley & Sons oljLi^i .nYa JL.. SI ^ ... j .. . .^.l.a Ij J>iy ^jl y\ JL5 v Lf * 



YY"& t _ s —B-Y 


/«-/ -/.w 

" 7 v* 7 v.v “ 7 " 7 n 

-/„ -L v I..-I 


(B-U) 


al—«-* 4_~> £_slj jJ 4— £ a x . a I3 j h 1 1\ (_$ljli j X—“Jj / <-——. > - 4=rji 4 JjUa 

y.j oViU> »l£xo jl ^^1 l _ j L*>\ jj^a n jtn >, l <^:>U> y~~5 .axi 

(I xx -I)l-I xy m-I xz n = 0 

-I yx l-(Iyy-I)m-I yz n = 0 QMY) 

-I zx l-I zy m-(l zz -I)n = 0 

, -£-; j-* 4il?la>- jX-S - *£ axS^ iU«l lj j>\ f+m +n=\ 4^1 j sl^ <0 oNjU.* ^1 

• XjI ^^Lsl { y‘ y il jlkA 4 



B-A JSLi, 


»l_j— l£_j «ly*^ 4j Ij B—A ji »A«£ *ili jlX J- .U: -••* iSjL IX jyA * *j l5C»5^ > " ^ -». 

■ Oili jlj-* lj_jA J— < G £y ;Olw-Ut4 y C - fr > - ^Jaj ji X-y-Z 4 j i.* — '■ 

“-** ' 4Jalx4 J*- jl £jjyt> jl ji iX-iL X-y-Z t£Ujj>«A Jy~ Sjij ^jXl j^aLoU- J y* yj\ ^^Lel (^UjL* 

tjlj jlj—* B—^ T 4—I^Iaa jj y*Sy 4j ( .xJ j ^| , X^ « 4 i_y“jr il (_jla jU-* *S O—Jj I 3 j I 2 ‘ /1 J .... j 

l_— lx L .xAy c—x < _ r L-=»l j\ Sj j* ,j\y n j m i. I ^pU <^1*^-S' / T +/w T +/i T =^ ^Ij ol^ 4 j ,x_^i 

.xJiL^ I jUa JSIa >-13 j tsy ^L. jlai. I 2 tC~-l ^jijl jtw* ji^laa- /i *S y. »a-l »jb jLU jIa»I 



^ 6 l.b^, vr? 


B-f 4j£joJ dJLLwyO 




^j 15 il*jl L x—UL. ja *S t c~*l>wo (_$l jIa i_$Ioa jy~ (*>■ t3 jj 
«_ j c~—J Ij *->Juo Lf -^jJi ^JiLaU- .c—-I p j-j\j> Jjj oil—, .c~-t 

•X^ ^Is^l i_sUj_p~. 

•ii^^ ^l-Asr j^ 9 *j (ijj (jUc~«—5 jl uSL y. :J*- 

jl *£ Xo- yo <S$y <jIaj_p~* ‘v^~*~3 ^1 .xi lj^« (jU_i ja * t -~ < ‘~- " * 

oilii—/I <S$y* (jl—*j_p^ Jl—iil x -a i jl ,j—— j «ij^ p-*j Ij Jjl^xii? G ^y £j» 

: Oi*• Cw '* ^jt y s ‘lxy = 0 *5 jjU: jl .^,y> 

fr* =7^ +mrf x rfj /^ =0 + p^-|||j=--^pmV 

• Ixz a lyzr 0 ow .C—I ^ ^ Jjjj *\y\ f 1 Lw Z o^*-* by .- 

j »aIa jl^-i Ij G p-=r j-*^ i j-ol oJ—i Ij^. jUJ ja : t< ibi c—i 

iC—-I »'j—sfl -*0 by X** j' j' b Zo j j’o ‘ *0 lS^x^ 

'-*X> > ~ JLSil 4_-JJ jl Lrr - j xl =I XaZo =0 jl xy = I Xo y B =0 *5 >yy OwJ 

[/^ =7^ + ] /* = 0 + P* |c(- fl^y j = -i pw6 2 c 

[/* =l xz +md x d z ] I xz =0 + pt^c(-aj^j = -^ ptabc 2 

t (l <JLali *S yy j *———* <SjS Jl I ^°~*y I j lyz 

jLJI ,j—ZiJaj jA Ij .AjIJj Z j y oLai>v _^j j’-Z jl Ooi-a 

:^jb dm=p tdydz^y 

[ 2 i c '’/ / ' 

yj 

= P tC - ~ f y 3 dy = — ptb 2 c 2 
2b 2 J ° 8^ 

:a owJ c. ■»,.. ♦ ja jl oX«l C—<-b (jlxiajl j l> 

I y = —^pw 2 & 2 - ^ pr«6 2 c = --^ptab 2 (3 a + 4c) *_jI. y 


ixz =0 
Lr =0 


- — ptabc 2 =-— ptabc 2 
6 6 

+ ^ptb 2 c 2 =+^ptb 2 c 2 







i°>> ^r ^- 1 ^ Yr A 



, A 

I = m— - = 0. 

2 l 2 J 



#i, = -0.839 


/«= ^-m*/ 2 =-j (0.1775)(0.12) 2 = 8.52 (10~ 4 ) kg.m 2 
/*,= \ mc2 =\ (°- 1775 >(°-H) 2 = 7.16 (10" 4 ) kg.m 2 
Izz= ^m(c 2 + ^ 2 ) = j(0.1775)[(0.11 ) 2 + (0.12) 2 ] = 15.68 (10 -4 ) kg.m 2 

1775 (0.055X-0.06) = -5.86 (10" 4 ) kg.m 2 
I yl = 0 I xz = 0 

I„ = 16.48 (10~ 4 ) kg.m 2 I v = -5.86 (10" 4 ) kg.m 2 

/yy = 43.2(10~ 4 ) kg.m 2 I yz = 0 

/ K = 43.8 (10 -4 ) kg.m 2 l xz = 10.69 (1 O’ 4 ) kg.m 2 

:aA pwj i ja £ «aL» j J >a ia—i j B-\ ^ <kalj ji Ifjl jaIa jlji L 

I 3 - 103.5 (10 -4 )/ 2 + 3180 (10 -8 )/- 24800 (10' 12 ) = 0 

/,= 48.3 (10 -4 ) kg.m 2 
h- 11.82 (10 -4 ) kg.m 2 
/ 3 = 43.4(10 -4 ) kg.m 2 

(1)1 A» yj» <lOj jl jl iSj J* (JaU 

l\m\n <dajlj j! »aU^I j B-U ja 

/ 3 = 0.01830 
m 3 = 0.895 
m = 0.445 


:jl x;U- .xU 


' <- 

h = 0.934 
m 2 =-0.1742 
n 2 = 0.312 


..Ua^ jlO lj (J-ol j (*>■ tijj J$Li 


J uix Ol5o 

«>ul & y) jyiio 2/#- (jlyc- <U [®/A oS'/jjf'ctipi 

,)yjj(jt «£aLU D-£ (Jy/& •M/9 1 <^ uu 9i K OjAf* (#) (S*b 4i yo’Vc / 4 

C CUu/jiv X C-£ (jhA) Ml jl a)tiZuul U J ( 5 /jA k k 9 )/f'o)lijuvl (5 jjfjxtlf'<*0/J jl Qjlyifjt .fyi <*a /2 (Ja (_$lyJ 

■)/$! iSmujj ly LfjJyi 


o 

© 

© 
















® VfT 


jjLk. aL \j jU. B-*\r* 

0 ._,_.3- Jt\jl .JLi£ OM JJP^» J_p" 

CL 4___>_j1 j j I ^1 A?- jIAL. J t3y+J 0 — lj0 =o jl 
jj_>- :*—?--jf) .jl '£ l jjL < _ # 4 x J lx*l k 01 jy^* *S lj 

4 A-A, ^Uo—kjlj iJjlJb zyj aAx. jjjl JO^i y Z 
4L^0jb L« jI Jjl A c—ji A-\ ^ j A-\ • 

^_ / _s r (.Jjj jLSO B O—_^> (J-Uj <U- LIjj (jU- 4 j AljJ^ 
.c—>1 p ^1^ <JL Jjk xlj y 

lain = */'AV*pr r J a = rAA° V 1 -^ 



A-A JJ^V. L B-U <k_ j£Ji <L- B-*U* 
jLL L_s-xl y bx>* aL* o^L» ji G fy $y ’} *Aj.i£ 
j-> A-A jys** Jj_»- I j *—L / yyJ 0L» .c—'I *-Li »ab 

aS lJ 0 = 0 jl lj 0 v_— y I j psi*- 1 0 V — ^ 

C—-JL /max J /min ji^Li* •AiS’ {*—"J ‘■ Lfci Obb Ij /max J /min 

.LL>- A-^ N •*_Llj jl *-Ul C—•>-L jjoLib li Ij i^-^y jl a-l*l 


. JXT 4—jli* LLLO ^—>LS" i_^j 



Ljxl ji B-OT j B-M *1* ■■-■« aJl* B—"\0* 

Li ji jl j-ks j #ij—i m <L* .c-il «xi jl 

0 Ijl_4« J y Ij aL» ^jLsI jL» .l—-I jk 

0L* O ±>yy» jy (^iL ( _5L l _ r ._j^-S' 

. jlL Ijlj Ij jJSI-i^- 


(_5y 9£*Jol^ ^pLwdO 5 

c 5_ r Ja5 ^1 jb m ^j-=r <i iS^dij^ jl <-^i j* B-*V> * 

jajlj ^LaJl* jl .el—-I b A*J L jj j^-lj 

oLilsL v L- L I j ^jLsI (^j^l t^l-^Ob^ J •ij^ 

A> j_j jj_s^» (_gLnj U ^S* . _LL a-L e^b jLj 

,jli£ j^ 1 I j ji^l-*j>- ij^y) 0L* v 

A = V/0Y0/nfe T J /, = */0Y\ 4_.lj^- 

U = \l\r\mb' j m^ = ->/vo^ 

I r = \/Allmb r j ri\ = */nv 

z 



j-> frfM j< L B-1t* 

4__*ki ^^jial jL* .C_»l eXi «Jj jJ kg/m ^k—' X>-lj 

U 0 = o ji 0 jl x< jj-^» <j I j A-A jj>^* J_>^" 



.JU^ |JL{ Ij jl jlji* Jilx- j XL; (*-"J J 4j^*j 0 = ^'° 
y 


\-f’Y <LL- JSL 










Yff 


C 

CjU^Lj j! oJujfjJ £+>Ljo 

Cwijai «^>Ldo c-uuj j^s 

dbojiL, C—^ 

^lo—-a A.. I ..V,; te C—Y 

^LaS A_jJJJ6 C-Y* 

** C-f 
4-jJOA C-& 
obit, C-9 
oLUc C-V 
lfl>,_5j-j C-A 
C-^ 

UJI^SbJl C-V 
oj-jjuj oV^i*« ^b* ^31 C-V 

i_S^ Jb^' <-Slrf ^i^b* lS^U^j C-1Y 

<U) jJLo C—^ 

«i U* -- I LjOl jl jj Ijj &• c—» l ^ilo oLJ>Uj jl tJjjfijj b-?-L, jjbL j JxLi C C-ij, 

^1 j JL*l_p^ jbL k_ibs^» ^UO-xJ _jx _)3 I j Ja^lj j ,jil jl cSjL—I JMtol jj-l; ilaAjj •(*^ t /* 

.JoiU jU o—I j-i aiU-uU o —jj 15ijlj- -Lb tAly- JlSbil jV-j 4 a-iU LL-^ ^>y- l*il <, 

<S ■ -- - I ^J^jLS' ,^-Jp t«-£jL_£, *S -Lib Je>\*- *J Ob j »■^ jjy b CjLJ>Ij 4 «Xil_^ *S 

^.yr* J -lt» (^aL- 4, JI.L; JiL.W. J-J- j <JjjS ia—> fl&A jj b t/^b LS^A'ti'^ J fb-^l 

• 3 J$ o** J j C^JJ *i I S^yj^ 








C-f 


-b±\b -4 ac , 2 A , , 2 , - 

x =- «, b ^4ac Lf i t ^ ^1 ^ ax +bx + c = 0 


6 =;y * x = log 6 y 


log ( i/n) = -log n 
log a" = n log a 


log 10 x = 0.4343 In x 


b = e = 2.718282 
6* = y 4 x = log e y = In y 
log («£>) = log a + log b 
log (a/b) = log a- log b 


a 2 b 2 c 2 =+a i b 2 c 3 +a 2 b 3 c l + a 3 b x c 2 -a 3 b 2 c x -a 2 b x c 3 -a x b 3 c 2 
« 3 b, c 3 


jc 3 = Ax + B 
p =A/3 j q = B/2:J\ 

j Lf A i Af <1 jj <--) Cw>l q 2 p 3 :1 cJL>- 

cosn = q/(p.y[p) j0<«<180° 
x, - 2yfp cos(m/ 3 ) 
x 2 = 2 >/p cos (m /3+ 120 °) 
x 3 = 2 Jp cos (m/ 3 + 240 °) 

<4jj ji j j Cw. 1 g 2 p 3 : II cJU- 

f~2 TrV^ . (- !~2 


x, =(q + y/q 2 -p 3 ^ + [q~<Jq 2 ~ p 3 ^ 

*Jbj ji j *-*) q p — 0 : III cJU- 

Xl = 2 q m j x 2 = x 3 = -q m 

:p~< or .ji < _^S' ^1^ 

x 3 + nx 2 + 6x + c = 0 

Xq = Ax 0 + B ji jX = Xo~af 3 jib jly L 

.Jbjjl c:—-Jb x — Xq a !3 jl lj xo jlxi« j 













oULox C-V 


1_ ij—Ad~~»S j fy i-Ajjp- L (_5:AiUij ,\ 

V jIjlJL« j^IjIa V (^jli^ C ..J .Xl«Xi v-aI^- (*— 1 jj*) t-S"jlj 

<£ V L i V_ ^l-uLiJ h~*jj -bU <. t ..>.A j^jIa j> ja .xiL^y* 

.A/ ^^JL* ojL-^ IJat jJISL. 1 jl Ij 1*1 



P + Q = R Jili* <^*^" 

P + Q — R (J jljl* ^’T 

P + Q — Q + P lS y. 0^^* 

P + (Q + R) = (P + Q) + R tfj ,Jo 

: J^»U; T 

P - Q = P + (—Q) 

k j j i i ^UjIajj .1 


V = V,i + P,j + Vik 



z j y iX j V j-i <ijlj n jtn d :jaU .0 





Vn tfA* oLU C-Y u Uo 


Jc' 

I 

-■X 1 


/V m = V y /V 

V= V(/i + mj + nk) 
l 2 + m 2 +n 2 = 1 


n = V z /V 


< 

p 


P • Q = Pg cos0 


:jJISL. 1 U JU-b A 


■! o'^'cr* b C* 1 


yf 

4 ^ 7 - 9 COS fl 


-ibi I^Jl LcJ/ j-liJ Ji P ilJul Ji Q jb^ jl. QcosQ 
Jb Q *Ufel y P jl Pcos0 -ul^ ji Q jl_U- 


P ■ Q — Q • P ijvJjli <£ji xbwlsT - 0 y I* jl 

: (*ijb ^Jyi> jl 

i.i=j j = k k=l 
ij=ji = ik = ki=jk = kj = 0 
PQ = (P,i + PJ + P z k).(&i + Gvj + &k) 

’ = PxQx + PyQy + PzQz 

p p = p 2 + p 2 + p 2 

liijf J-Ls> L<_jT v-Jj —o *S &Sy+* |*A Jj Q j P jbjj *S i'y'u* Or*T '■ 7 ' r* '-*i j' 

P Q = 0 

; d-~-l 0^7 ^■**"-*j Pi ■ P 2 = Pi P 2 cos 6 L ^>- b «—> jJ> Oj Lp jl <jl^j,_y* Ij P 2 jP| jb^j ji ^ Q *j jl j 

/I P) • P 2 ^2x + ^1, ^2 + P|. ^2j 

P i P 2 P } P 2 121212 

I*—* j->. u-** y j* *—$ * j~*y «.uLb. .X-il^ Ujb y t_X y <> n jtn j l jl y *S 

. /,/ 2 + m i m 2 +n ] n 2 =0 .XjUJ <Jj^> yj *]oj\ j y LjJl ^il*. *S Xi y*s- 

‘■iSy.ji, gjy Ojjlj jl 

P (Q+R) = P Q + P R 

■ C~-l oXi yj jlXLx l) ijj\*y Cjjy*> *j Q j P j\iy ji P X Q ^jb^j yj> IjJjb y U jU- yj> .V 






oL-iLj jl ^ _ C V&< 


|P x Q| = P(2 sin 0 

A; C — jj C—~jJ jjjLJ la —iy JjaUi* jl C -j 

lj jjjLS jl aj U: .«l J Ujb^ 1_~J j y»jt- ..xA^f* 

QxP = -PxQ Ovi 

'■zSy.^i gjy j.p^ j' 

Px (Q + R) = PxQ + PxR 


l^jjS^ Oy£> iZjLa^> ,jL»cl£z ~>J jl oiUiJ j '-J jJ> y jl 

ixj = k jxk = i kxi = j 

jxi = -k kxj = -i ixk = -j 

ixi = jxj = kxk = 0 

'•*y*Lt* *~*y y.j V iSj^y. V y* ^zSy.^i^ijy J.p^ j *ijbJ ^1 jl« jUi->I Ij 

PxQ = (P, i + P y j + P z k) X (Q x i + Q y j + Q z k) 

= (Py Qz ~ Pz Qy )i + (Pz Qx ~ Px Qz )j + (Px Qy " Py Qx )k 

.ib ^Lj jij OjLp ^jy* V jl.Pt/* lj 'r'y* 

i j k 
PxQ= P x P y P t 
Qx Qy Qz 

:^&3 (^U^aalJ . A 

<xilj c-jli L»jb^j jj *£ y *j I j ,jj\* ji j jjlJaJL jl£*. (PxQ) • R = R • (PxQ) *jl£'— j j~& 

j-J> Q • R »l ji xJ\y^ P jb j-> *£\js~ iC—>1 j-** ojAj Px (Q • R) 1 ^j ajlJj ^jjJ b»jil j> ,s£ y»y- $y^ 

:C~£jj jl j Oj _y <1 jl y^ lj Nb OjLp .*y ijJ^y. 

PxQ R = P QxR 

y^ jb~*jj3 jy** *i *11? *-* j~& 

Px Py Pz 

PxQ R = <2, Qy Q t 

R x R y R t 

. (PxQ) xR = -Rx (PxQ) = Rx (QxP) <; &b^ yyi 
jj ,_,i-j1j Ujb ji j»lj£ *S 3£ jy o\yy> *S I js^ c~-l PxQxR OjLp Ijjj Syj JjIj Ujil^j jl 1 >JjI jJ 

:1j C~-l JoLm *jl?4-xi (_$jb jt jJa *S ib jLU jljj^ .Jj y> (_$jb j> **->j~0 j«-* 

(PxQ)xR = R PQ-R QP 

Px (QxR) = P RQ-PQR :L 

.3 j~x> Q jb jt y *S 0->l ,_5^Jl^-.l R* P ^J15L»I jJ> Jjl O jLp jl ^jl ji Jb* i^l y 

.£& IajJI^«»I <u iojtjA ( jjjl^ji jUa jl tlAjbjj obi**-* 



\ 

1 


Q xP = -P x Q 





Y C-Y j&u 


- = P = P x i + P y i + P z k 


d(Pu) „ * 

dt 

4p Q) 


PQ + PQ 


rf(PxQ) 

dt 


=PxQ+PxQ 

; ji dr = dx dydz * jlxi ^ jLJl .X j xiU z j y l x jl V 

• v -~ i -T j' Jl J&\ a~. (_5jb Aj j 

J Vrfr = ij V t rfT + jj V v rfr + k J V z dx 


S’! :U,laj. ^ Ji/ai.\. 



OL-iL j jl C 


-C^ Y6Y 


C—A 

(jjOyt jLU lj yil -5J-L>- t5J^ 3 '*-! *S J^ 1 ' 3 l ~’j4 p ) 


-i±», + " ( " 2 ; 1) ^±" fo -“ ta - 2) « s + - 

• ■ [x 2 < 1] 

,.ei + d.£ + ... 

3! 5! 7! 

tc 2 < “J 

x 2 x 4 X 6 

1 -a + 4i-« + - 

[X 2 < oo] 

~ e ~ x - .x 3 x 8 x T 

r r 2 ^ no 1 

2 3! 5! 7! 

Lx °°J 

e* + e~ x x 2 x 4 x 6 

2 =1 + 2[ + 4! + 6! + 

[X 2 < 00] 


/(x) = ^ + ia„ cos T ^~- + X b n sin ^ 

= j J^/(x) cos ^ dx, b„ = j J^ /(x) sin ^ etc 


| — l < X < l *ijj* ia—j] 

Lfe^jLiyyyO C—^ 


d(uu) du da 

—— = a — + u —, 

ax ax dx 


J u\ du dv 

*V 


d sinh x 
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Jlnxdx = xlnx-x 


VAf 



V&& UJIjfcil C-\- jJu 


/* 

I d* sin pxdx = ~ p cos px) 


a + p* 


e°*(a cos px + p sin px) 
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Coordinates polar 


t\ 

Coordinates cartesian 


Action and reaction 

JajJI ^jSs. j 

Coordinates spherical 


o| 

Body cone 


Distance 

oJL^_ Alois 

Space cone 


Overdamping 


Orbite 

jlx. 

Frequency 

0^> 

Instananeous center of 
zero velocity 

oS* 1 —j) o’jS- 1 LS— ^ 

j 

Circular frequency 


Center of curvature 

l^ul ;S> 

Natural frequency 

^0^> 

Center of mass 

tr? $ j* 

Underdamping 


Center of percussion 


Spring 

r* 

Moment center 

<£*? )3 Jj* 

i: ■ ' / . : : . ■: /' 

. j 

Equation of motion 


Right-hand rule 

Cwlj mu) ojx-li 

Equation of constraint 

zSidju* 

Parallel-axis theorems 

iS')?* A—a3 

Impulse-momentum 

equation 

4J^Luo 

breTjutofi’s Ldtws 

1>V 

Area moments of inertia 

jdo-i ^jiil ^Ia^U-9 

■ ■ S \WMi S 


Mass moments of inertia 

Pj> Cf-ri' 

Work 

P 

Moment of inertia of 
Area 


Virtual work 

jlS" 

Momentum 

cS 

Direction cosines 


Angular momentum 


Couple 

JiS? 

Critical damping 

J'r™. 

IIlillBi. ' 



Moment of linear 
momentum 


Nutation 

o-jk 

:--nX!^?? : ; :V ? \:U'= • - /^ ; : ^ ; r 5: ^ r- 
. . : 

e 

Gravitation force 

Aj-ib- 

Matrix 

o-.y u 

Thrust 

o^'j - <-55^ 

Satellite 

OjI^aU 

Propulsion 

O^'j 

Spin axis 


Conservative force 


Principal axes of inertia 


Centrifugal force 

)*> j* >-/ 

Translating axes 


■ ■ 

3 

Rotating axes 

Jl—> y>) jt 3 0 tsl— 

' . : . 



(o'jS 0 

Watt 


Coordinates 

oUbw 

Weight 

OJ3 

Coordinates cylindrical 

^IajI^LmjI CjLxbta 


VV& J-V" 



SI »il^l 4 j J3!jCu> t^l^l Juj 

^o! 

JuJjT W y& 

<U . 

jl Jidui' 



(v^> 

r/-fAx\.-' * 

/a_jU (m/s 2 ) 

Oji /«ljU (ft/sec 2 ) 

Y/&fx\.~ T * 

^ 1 * (m/s ) 

£ij| /<ljU (in/sec 2 ) 



(^Aw) 

VYvrx\-" T 

< m2 > 

c>ji (ft 2 ) 

?/f£>\?X\.~ T * 

tjy (m 2 ) 

^>1 (in 2 ) 


1 

(^> 

Y/YfA*X\ - T 

i /._**&« ^ 1 * (kg/m 3 ) 

j®/ waa5Lo (lbm/in 3 ) 

\t?- )AX\ • 

U-**S~* f-* (kg/m 3 ) 

Jli^j /k-**SLa jgJjl (lbm/ft 3 ) 



(^ 

f/f f AYX) * r 

0^5** (N) 

v-5” 0 • • ♦ lb) 

f/ffAY 

6^5^ (N) 

3^-^j (lb) 




Y7‘fAX)-"' * 

^u(m) 

(ft) 

Y/AfX\-' T * 

r-(m) 

C^l (in) 

V*MYX\- r 

yu(m) 

(is^j Jil*) (mi) 

\/AAYx\. r * 

^(m) 

(isikj* JdL») (mi) 



</^> 

f/AYWX\*'' 

(kg) 

(Ibm) 

WfAUx). 

fjW (kg) 

._f)U (lb-sec 2 /ft) 

‘\/-Y\AX\-' t 

fjW (kg) 

O 1 (Y* • • lbm) 




vy'&aa 

^ (N-m) 

Oji _ Jjy, (lb-ft) 

•/UYU 

^ (N-m) 

gjl _ jj^j (lb-in) 



^j-uljUc) 

t\/mx\-' A 

o'y *e (in ) 

o'y ^ 


jIJlLo * 




YY 9 


«ubl 


jCl Juu5* W y2> 

Aj 

jl JiJLj 

xixm a 

CO*r* (kg-m 2 ) 

w?“ 43->^ ^ J (•<•) 
a-jU j 3 jjw _ Cijs _ (lb-ft-sec 2 ) 

t/mr 

- j»/^LS" /a-jU (kg.m/s) 

Ajjli _ (lb-sec) 

\/raaA 

- |»^f jLY /A-jli (kg-m 2 /s) 

((jltjjlj yi^aya) 

a-jU _ c.js _ jJjj (lb-ft-sec) 

r/r<i^ yx\. t 

ol 3 (W) 

Ur) 

_ c.j3 /aLJo (ft-lb/min) 

Y/fAY-X)-* 

ol 3 (W) 

jU; ,_~J (00* ft-lb/sec) 

\MTTx\- a 

jjj-j Igyi^-o L Jli—>L (Pa L N/m 2 ) 

( c r-^ _ 

(ojIjjU- 1) >~oilOf/Y lb/in 2 ) 

f/YAA*X\ • 

a L JISLjL (Pa Ij N/m ) 

/^jj^ oy (lb/ft 2 ) 

?/A^fAX\- r 

(jijjj o Ij JIS«jL (Pa L N/m 2 ) 

aj^j 1 ji-aI (lb/in 2 U Psi) 

\IVb\XX\‘ r 

/ yu (N/m) 

(>i^ 
aJjj /gJAl (lb/in) 

r/-fAx\-''* 

/<ljU (m/s) 

<) 

o^s /A-Jli (ft/sec) 

A/\ fffX\. - ' 

/<ljU (m/s) 

^ j->»/ (esd^ mi/hr) 

f/fY* f X \ •"' * 

^ /a,jU (m/s) 

JjL /cxL. (mi/hr) 


/ocL- (km/hr) 

JjU / ocL. (mi/hr) 

r/Ar\Yx\-" T 

u-j&oji* (m 3 ) 

(**>■) 
V^ 0 ^3* (ft 3 ) 

\/mYx\*' a 

woi&oji* (m 3 ) 

u-mSLo ^jjI (in 3 ) 

\bM\X\- x 

J 3 3(J) 

UJr'-jW 
a>1 3 (BTU) 

\/YAA A 


aj^j _ Ciji (ft-lb) 

r/?*x\*'* 


ocL. _ c. 1 33 LS' (kW-h) 



(3^3A j!aA« * 



YYY al»T 


C^aOlXdO SI 

SI jU j 

o*i 3 

O«of 



e jl^f) 

m 

r* 


kg 


PSr 

s 

4 -JU 

0 L j 



(jj_i jr.'.a 

m/s 2 

/ d-jlj 

Jai- ,_,Ll£ 

rad/s 2 

/ d-jU 

vjb-ii 

m 2 

to-* 

gtlaw 

kg/m 3 

PjfjLS /^oiSLo 

J&> 

N (= kg.m/s 2 ) 



Hz (= 1 /s) 


^ITji 

N.s 


LS ka- 

N.m.s 

- r-«- 


N.m 

«>V 

Jr o j 3 LLif 

m 4 

J 1 *?- (j'y *i 

2^-* cs-'.ril 0*-^ 

kg.m 2 


(“r?- 0 1 --* 

kg.m/s (=N.s) 

jZj) _ fjfjLS /<LjU 

LS ki- 

kg.m 2 /s (=N.m/s) 

- r/jM' /M* 

csWj'j r^r 1 

W <= J/s -N.m/s) 

0I3 


Pa (=N/m 2 ) 

4 

JKJi 

0“** 

m 

o'y .r- 

jdo-< V_l jJtLffb- 

kg.m 2 

tO-.r-* -p/iLS 

i*r?" u*-ri' 

N/m 


yj Coli 

m/s 

/<ljU 


rad/s 

/<t—ill 


m 3 

<^*Sia jZ* 


J (=N.m) 


l£j>> 




(= 1 /AAY km) 

I 5 ik> 0 Ji 1 * 

(uibj^) ciL^o 

t (=)•♦• kg) 

(tS.r*) O' 

O?* 


(^licl) *>,.> 

,_jldJ*iuo 4 jj!j 

— 

uMj 

^lociuo dj jlj 

O/AAY km/h) 

•/ 


d 

jjj 

oki 

h 




_ ctl 


min 




YYA 


SI ^L>T jJjdilhU 

y y> j^tS’li 


Oloi 

l .= U u 

'y 

T 


ULf 

G 

l .->. f 

ISk 

M 

l •• • =1* r 


k 

V • =U T 

^Sjb 

h 

l- 

ISb 

da 

•/I 


d 

•/•i =u' T 


c 

./..l=U- r 

J?- 

m 


3^ 



yli 

n 


3% 

P 


u£j jJwo {pLZip <5^ 6w V.3 ^Ji 

.Jjjb *£j \ • 1 • j */l ( j 5 < Si ^uw Ij ^joLL. iiUl JJjJLj jl oili^.1 li (a) . ^ 

a£ j fjljj (Jijlj* jl jjs- 4j jt*ji Sj <lSb if£j> jl ailizJ jl (b) 

■ C...»l jlj~ii LjJl jlji. jLj OjJ*tfjl J»P ji 

J.-.—JLt.) c .*.1 ^J j—LS Jl>*l j tl’.b.j l$tl .JujlSj iUI ^Lai^-S "j jl J j> I^jJ Ij IajJ(c) 

.(mJ/g a; j J/kg * N/mm o j kN/m 

(kMN «J j GN iwjj :Jli-) x£ t^jlii y- (►* j~» ckb jCjJLj ji jijj jl& jl (d) 

iUI v U3l .Y 

.(Nm -u j N.m :Jlt.) j^S .aUiJ iUT ^jjj, jib jLU ^ J Jai jl (a) 
.(N/m/m -u j N/m 2 ju-^ Jit.) jl^ ^jba y- j~£ y jsj jl$j jl (b) 

.(c..»l (nun) L y‘ j ‘ aj nun Jit.) -l>-Ij J? aj kj^. (jljj) UJ (c) 

alopl jXjtjJ T 

Xj-^-.) Akt jl j JijS" oiU^I J J? ^U Aj ^JJA- JaojJ 1 ji JU- <_sLis iX jl c—I jtf; iljpl (^jL-lj^ J Jj 
jlf>- ilapl ^Iji S lyju. .(4 607 321.04872 ‘ t VV Y“Y V- IAVY Jit.) i^t oUfcJ jl ^jLUl ilJU-l ^jL-l^ c^- 

(0.0476 ‘ *MV\ L £YW Jit.) lJ.U JU ^Lii ^j 










